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My object in this work is to answer an inquiry, 
which has been very often addressed to me, — 
What are the elementary facts, and admitted 
generalizations in Geology, which it is requi- 
site to be acquainted with before reading de- 
scriptive or theoretical works, or undertaking 
researches in that science ? The really intro- 
ductory part of geological literature in England 
is certainly scanty, though several works, both 
of popular and scientific merit, have greatly 
animated, and partially directed, the growing 
desire to unveil the natural history of the earth, 
The introductory chapter of the ' Geology of 
England and Wales,' by Mr. ConybearCj has 
been found of great value in this respect ; Mr. 
Bakewell's Introduction is deservedly popular j 
b 



TIU PREFACE, 

and, as a convenient book of reference, Mr. De 
la Beche's Manual is unrivalled. 

I wish to exclude from this little volume all 
discussion of theory, and yet to embody in it 
those important inferences, once debated, but 
now established, which give to Geology con- 
sistency of reasoning, clearness of description, 
and an acknowledged place in the circle of in- 
ductive science. Among these admitted tf^fer' 
ences I do not hesitate to place the distinction 
of the origin of rocks into igneous and aqueoiuj 
the existence of internal sources of heat ; i 
the elevation of the present continents i 
islands from the bed of the ancient sea by Bub 
terranean movements. The interesting ques- 
tions concerning local changes of climate, 
successions of races of marijie and terrestriai 
animals and plants, have been cleared of naucl 
obscurity, and rescued from the danger of over* 
generalization ; and though on these points v 
have much to learn, the limited truths whici 
have been established must take their plact 
among the growing mass of elementary geolo- 
gical knowledge. 

In the descriptive part of the volume, a me* 



thod of classifying the subjects of geological 
research has been adopted in accordance mth 
the elementary vie\Fs given in the first part, so 
as to present a considerable body of arranged 
information in a small compass. It was thought 
proper to give an illustration, at some length, 
of the principle upon which to investigate the 
subject of the diluvial accumulations, because 
on this the spirit of discussion is still active, 
and it seemed desirable to furnish the mind of 
the student with some certain grounds for ad- 
mitting the comparatively recent movement of 
tumultuous waters over many parts of the dried 
and inhabited land. The origin, the conditions, 
and the effects of these floods are matter for 
his further research. 

A few tables of the relations of the earth to 
the solar system ; simple views concerning the 
temperature of the surface and interior of the 
earth, of the air, and of the sea; a short process 
for calculating barometrical observations, and 
some other statements, are given at the end, for 
the purpose of reminding the student of the 
close and increasing connexion of Geology 
with Physical Science. 



X PREFACE. 

He cannot be reminded too often of this 
connexion ; he cannot strive too much to cul- 
tivate it ; for it is precisely the application of 
mathematical^ mechanical^ and chemical laws 
which is converting the indigested heap of 
geological facts into a system of at least partial 
truths^ which harmonize with the general oeco- 
nomy of nature^ and are capable of receiving 
continual correction and enlargement^ until 
they aflford a secure basis for a general theory 
of the earth. 



York, July I, 1834. 
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ELEMENTARY FACTS AND INFERENCES. 



r DEFINITION OF THE SCIENCE. 

1. (jtEOLOGY, founded upou observations of tlie 
effects of terrestrial agencies upon a grand scale, 
admits of being taught, first by actual demonstration 
of the phenomena as they are laid open by nature, in 
mountains and valleys, clifis and ravines ; secondly, 
by the aid of specimens of natural products, and 
representations and descriptions of the manner of 
their occurrence. As we cannot transport a pupil 
lo the summit of the Alps, the glens of the Gram- 
pians, or the caverns of the Peak ; as wc cannot at 
pleasure show liim tlic bold cliffs of Hastings, Whit- 
by, or Charmouth, the wasting shores of Norfolk, or 
the extension of new land along the margin of the 
Adriatic, he must be taught to reason upon these 
characteristic phenomena, by the aid of pictorial or 
verbal representation. With this view, we found 
museums of speciratna, publish sections and maps, 



and models, and endeavour, by lee 
examples and imitations of geological 
lead the student to the contemplation of the mag- J 
niticent objects themselves. Could vie dispense with I 
these artificial aids, were it possible to compress into J 
a reasonably short geological (our an actual inspec- I 
tion of the most important facts, much of the tech- I 
nical language which is now found so convenientv 
might be dispensed with ; many explanations might fl 
be spared ; because the grand and noble object* I 
which would then be subjected to the faithful e 
would tell their own history, and never require the I 
little aid of words. But the writer and tlie lectui 
must have recourse to other methods; and, by a 
studied arrangement of representations and reasoning, ' 
strive to impress the same truths, with equal force 
of conviction, which are directly gathered from the 
more vivid though less regular lessons in the glo- 
rious theatre of nature. 

S. The teacher of geology must suppose himself 
called upon to answer questions concerning both the 
facts of (he science, and the inferences to be collected 
from them ; and his instructions will be so much the 
more successful as he takes these questions in the 
most natural order of their occurrence, and answers 
them most completely and satisfactorily. In doing 
this, he is not at liberty to neglect even elementary 
truths ; because if these were passed over in com- 
pliment to such as have made progress in the science, 
those for whose advantage he is specially interested 
would be called to the unreasonable task of labouring 
without tools, of reasoning without data. 

3. The definition of any physical subject or pro- 



perty, or mathematical abstraction, is a {lescrtption 
of something real or representative, and h easy ; but 
the limitation of the fields of research in which the 
human inteUect may employ Itself, demands almost 
a prophetic spirit ; it is not the beginning, but the 
a of the study, and perhaps never can 
While the intimate union and close 
; of all the physical sciences becomes 
! evident, the difficulty i 



mplei. 



dependen 



rigidly defining any one of them is continually in- 
Having due regard to these considerations, we may 
say that it is the province of geology to investigate 
the ancient natural history of the earth. For this 
purpose geologists must observe the efiects of ter- 
restrial agencies, both organic and inorganic, which 
are now in progress, in order to understand those 
which have been performed in earlier periods ; they 
must inquire what changes now take place upon the 
land and in the sea ; whether these be due to me- 
chanical, chemical, or vital agency ; and compare 
these effects with the monuments of more ancient 
revolutions ; and thus endeavour to trace the physical 
conditions of the globe from the earliest period to 
the present date, bo as to present a correct history 
of the successive steps by which it has been brought 
to its actual state, and made fit for the purposes 
which it now fulfills. 

PROGRESS OF THE SCIENCE. 

4. It ia obvious that for the right and full unilei- 

Standing of the phenomena which come before a 

aeologiiit, he must often refer to the established 
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results of other brandies of physical science. Mine- 
ralogy must be his guide in ascertainiog the ingre- 
dients of rocks; chemistry tnust leach him their 
ultimate constitution ; he must apply to botany and 
/oology for the examination of extinct plants and 
animals ; anil to astronomy and general physics for 
correct general data within which to confine his 
inferences. How clearly does this show us the 
reason why the universally occurring facts conceiniag 
the structure of the globe have only within a few 
years been submitted to any regular investigation, 
or reduced to general truths ! Generalization in 
geology can only be based upon the established 
results of other more limited natural sciences: 
every discovery of laws in chemistry and zoology 
widens the foundation of rational geology ; and so 
long as men adhere to the method of philosophy 
taught by Bacon, geology can never again become a 
speculative science, never again be an arena 
discussing delusive hypothesis and unsubstantial 
conjecture. 

5. Geology is purely a science founded in exact 
observation and limited induction: it would there- 
fore be not a harsh sentence to refuse this title t 
tlie mass of mere opinions and conjectures which 
for some hundred years before the nineteenth century 
were pompously designated Theories of the Earth : 
with much better right may the title of geologiBIs be 
conceded to Strabo and the old philosophers who stu- 
died the local phenomena of their countries and pro- 
posed limited hypotheses, in agreement with their 
notion of the laws of nature, than to Burnet and 
BufTon, whcae syatema of cosmogony have the air of 
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a philosophical romance rather than of a serious ge- 
nerahzaiion of facts. The history of the progress of 
opinions in geology may be useful aa a warning tu 
men advanced in geological inquiries, not to reason 
upon assumptions while facts remain to be explored, 
and to repress that impatience of spirit which ever 
seeks to anticipate observation by the efforts of in- 
vention ; but the student should, if possible, be kept 
in impartial ignorance of these conflicting hypotheses, 
which are too apt to fascinate the young and imagina- 
tive mind. For this reason we shall pass silently over 
the whole subject of the history of theoretical geo- 
logy, and shall proceed at once to record the real 
discoveries in the science. 

l>. There is no reason to apprehend that a science 
founded on interesting facts, which meet us in our 
daily walks, and are brought to our recollection by 
the artist, the voyager, and historian, — a science 
which links itself with every investigation into the 
material universe, — will ever want cultivators. Its 
progress is assured, and all civilized people will con- 
tend for the honour of directing its march of dis- 
covery. It has been, and still is, the just boast of 
our country, that in variety of research, in extent of 
discoveries, and in sound and valuable generaliza- 
tions, the geologists of Great Britain are second to 
none. The English system of secondary geology 
has been adopted over all Europe, and the labours of 
English geologists have still a decisive influence on 
the progress of the science. Whether this shall be 
the case in future years must depend upon the indus- 
try of succeeding observers. The men who raised 



and extended in this department the scientific rt 
of their country are still active ; but they must, ii 
time, leave us to our own esertiona, and it will then 
appear whether we are worthy of the rich legacy o 
fame which they have bequeathed lo us ; whetheiv 
like them, we can take rank in the advance of geo 
logy, and so maintain the scientific glory of oi 
try, or fall into the rear, and tarnish the honour 
which they have so hardly won. There is, howevei 
no reason to despond on this subject: no region ( 
the earth is more prolific of geological phenomenil 
than the British Islands ; no other country ofTers equl 
advantages or greater inducements for exploi 
tlieni. The principal diflBculties which impeded tl 
progress of our predecessors have been removed b 
their perseverance ; they have extricated sc 
ing truths, corrected many errors, conquered manj 
prejudices, fixed the science upon a sure basis, a 
obtained for it universal attention. Undoubted!]! 
vast fields of inquiry are yet unexplored, and n 
labourers are required to bring them into cuUivationg 
but whoever now commences this study may do s 
witli the advantages of knowing what results faan 
been arrived at, how to direct his researches ti 
the points which promise the richest harvest of dis- 
covery, and where to obtain aid from coUatera 
branches of knowledge. 

To glace before the student these results i 
gular order, and to instruct him in the processes bj| 
which they have been obtained, is the aim of the fo^ 
lowing pages. 
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MATERIALS OF THE GLOBE. 



7. Following the nattital current of ideas, we may 
first treat of tfae Tnaterlala which compose the globe. 
It \a by observing and compariag the mineral sub- 
stances exposed in mountain sides, cliffs, and ravines 
by nature, or discovered in wells, mines, and other 
excsvations for human convenience, that we arrive at 
a knowledge of the constitution of the exterior pans 
of the earth. Here we find a great variety of rocks 
composed of a still greater variety of minerals, which 
are all resolvable by analysis into ISfty-four simple or 
elementary substances. This gives us an opportunity 
of marking clear distinctions between geology, mine- 
ralogy, and chemistry. The well-known rock, granite, 
may be an example. 

The geologist considers the c 
which this rock occurs in mass or in 
view to determine the agencies which wi 
in its production, the period when it vt 
and other important characters. The c< 
the stone is so far a matter of study for him as it 
helps to clear up these problems. 

To the mineralogist granite is an object of study, 
because it is composed of certain minerals which are 
characterized by certain constant properties. It is 
not granite that he studies, but its constituent quartz, 
felspar, and mica. These minerals are investigated 
by their qualities of geometrical form, specific gravity, 
hardness, affections for light, electricity, &c., as se- 
parate objects. 

Finally, the chemist takes these separate minerals, 
lives them into their several ingredients, k 



■e concerned 



m position of 





the properties and proportions of these, and Ii 
gates the laws of their combination. 

8. Geologists are not required to be chemisi 
inineralogiata, but they cannot safely be ignorant ofl 
the results of chemistry or mineralogy : for t 
frequently throw a strong tight on the production o 
rocks, and sometimes remove all obscurity from tLelr 1 

Of fifty-four ondecompounded, and therefore called 
simple or elementary substances, known t 
five exist in a separate state only as gases; viz. hy- 
drogen, oxygen, H SI ote, chlorine (fluorine?). 

Seven are iton-metallic combustibles ; vis. sulphur, 
phosphorus, selenium, iodine, bromine, boron, carbon. 

Thirteen are metallic, or metalloid bodies, whidi 
unite with oxygen to form the earths and alkalies; 
viz. sodium, potassium, lithium, aluminum, silicium, 
yttrium, glucinum, thorinum, calcium, magnesiunr. 



mmonly called metals ; 



Twenty- 



• are what ai 
. iron, tin, cadmium, arsenic, antimony, cop- 
molybdenum, uranium, tellurium, chromium, ce- 
, nickel, vanadium, cobalt, lead, tungstenum, 
mercury, columbium, bismuth, 
palladium, rhodium, platinum, g' 



9. Oxygen combines with so many of these, and 
in such large quantities with the eajthy and alkaline 
metalloids, which are the most predominant ingre- 
s of minerals, that we may venture even to say 
one half of the ponderable mattcruf the exterior 
.3 of the globe is composed of oxygen gas in a 
condensed state. The speculations to which this 
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conducts, as to the concentration of ilie matter of the 
planetary system, seem to be in agreement with the 
astronomical views of Herachel and Laplace, but are 
perhaps beyond the range of geology, which con- 
siders not the origin of the globe, but its successive 
changes of condition. 

10. Were the attractive forces tending to bring 
together these elementary substances equal between 
every two, and the combining quantities indefinite, 
we might expect, by the doctrine of probabilities, 
that the number of binary, trinary, and multiple 
combinations of ingredients would be incomprehen- 
sibly great, and that the constitution of minerals 
would be, in a certain sense, accidental. Nothing 
like this happens, however ; for, in the first place, 
the affinities between the substances are various in 
degree ; and the several substances tend to combine 
only in certain proportions, according to general and 
rigid laws ; the consequence is that the number of 
distinct minerals is not very great, and the constitu- 
tion of each is exactly adjusted to a constant formula. 

11. In its perfect state and in its smallest masses, 
every mineral is probably a crystallized body, whose 
particles have collected in a definite form in conse- 
quence of being set at liberty to follow their natural 
tendencies, by the force of heat, liquidity, electricity, 
or other agent. Even the confused precipitates from 
a liquid may perhaps be property viewed as irregular 
masses of crystals too minute for observation. But 
this theoretical crystallization being beyond the test 
of observation, we may with great convenience di- 
stinguish among the mineral masses of the globe, two 
classes ; the former containing evidently crystallized 
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rocks and minerals, the latter apparently uncryst 
lized masses. Some doubtful cases will often occur^'i 
which experience alone, and this not a\\ 
decide. We shall see reasons for this hereafter. 
Among the apparently uncrystallized rocks, we 
some most evidently consisting of parts brought 
gether by mechanical aggregation, such as are 
accumulated by agitated water in various 
others the result of chemical decompositions in 
water. The first view, then, of rocks and minerals, 
leads to the impression that heat, electricity, &c., 
and the mechanical agency of water, have cooperated 
in the aggregation of the matter of the globe. 

12. The mean density or specific gravity of thi 
whole mass of minerals near the surface of the earth 
is about S'5 that of water ; but astronomical and ge 
neral physical researches equallyprove that the mesi 
density of the whole planet is 4 or 5 times that o 
water; consequently the matter in the interior of tb 
earth is heavier than that near the surface. This i 
all we really know of the nature of the nucleus of tbi 
earth. Whether the substances of which it consist] 
be of the same kind as some of those near the suf 
face, or of another kind altogether, can only be mat 
ter of conjecture. By the aid of mechanical and a* 
tronomical considerations, we may indeed proceed M 
far as to learn the limits of rational theory on thi 
subject. We shall find, for instance, that if the mat 
ter of the interior of the globe be compressible in thi 
same degree as some of the substances near the stir 
face, the accumulating pressure toward the centn 
would condense them far more than is necessary fq 
the data mentioned above, unless there were scun 
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counteracting expansive force in the interior, such as 
heat is known to be. We must therefore aUow either 
that the interior substances of the globe have a totally 
different mechanical constitution from those which 
we see near the surface, or that an expansive force 
of great energy counteracts the compression to which 
they are subjected. 

IS. One doubtful step further on this subject we 
may venture to make, under the guidance of malhe- 
matical and physical researches. The spheroidal 
figure of the earth is a consequence of the laws of 
planetary forces operating upon a body whose inter- 
nal parts might have free relative motion : it has 
been very generally supposed that these parts were 
in a state of fluidity. That such fluidity was occa- 
sioned by heat, is a plausible or rather a necessary 
liypothesis, for no other known agent is adequate to 
the effect. But our confidence in this hypothesis 
becomes strengthened when we find that the results 
of carefid experiments, repeated in various parts of 
the world, agree in demonstrating that the interior 
parts of the earth, at small depths, are sensibly hot- 
ter than the surface, and that this augmentation of 
heat follows some regular ratio (o the depth. If, 
then, it be probable that in former periods the whole 
interior was fluid by heat ; if there be at present an 
interior heat; and if, without introducing the consi- 
deration of new substances, the expansive force of 
heat may counterbalance the effect of condensation, 
it seems by no means a chimerical theory that the 
nucleus of the globe may even now be partially fluid 
with heat. It is no objection lo this view, that the 
surface temperature of the earth is regulated by the 



sun ; this cannot be otherwise, while a thickness o 
solid TDck over the nucleus couceals and stifles a 
sensible heating effect from within. 

ARRANGEMENT OF MATERIALS. 

14. We shall now return lo observe the positions 
and arrangement of rocks in the exterior and visible 
parts of our planet ; to generalize the phenomena 
which they present; to examine the history of their 
included animal and vegetable reliquiae ; and, from 
the whole of this evidence, attempt a connected 
outline of the leading physical changes which have 
happened to the earth, and have letl traces acces- 
sible to human scrutiny. 

The depth to which it has been found practicable 
for man Co penetrate the crust of the earth, is but & 
small part of that to the knowledge of which, in some 
cases, the force of induction has enabled him to attain. 
The deepest mine in Great Britain descends to little 
more than a quarter of a mile : the deepest mine in 
the world (3,761 feet) to little more than half amile. 
We shall see hereafter, that owing to the way in 
which the materials of the globe are arranged, the 
structure of the crust of our globe is really known, 
in particular instances, to a far greater depth. (See 
fig. 1.) At present, limiting our statements to the 
extent of actual observation, we shall show what is 
the arrangement of the materials of the earth, as they 
are seen ia wells, pits and mines, on the sides of 
rivers, and on the slopes of mountains, and in clifis 
against the sea. 

15, There is a circumstance to be attended to in 
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the very outset of this inquiry, which it is of much 
importance to understand properly. The aetualsuT- 
face of the earth is occupied by soil, which is often no- 
thing- eW than the decomposed substance of the rocks 
beneath, by gravel and sand, and particular sorts of 
clay, wliich have been drif^d by wind and trans- 
ported by superficial currents of water, and deposited 
ia much confusion upon the solid fabric of rocks. In 
all the following statements concerning the parts of 
the globe near the surface, this irregular and variable 
covering is neglected, and the reader is supposed to 
look upon the naked skeleton of the globe, stripped 
of its fertile soil, and all its softer and looser in- 
vestments. The soil and other loose materials of 
the surface of the land are worthy of curious and 
diligent research, and have, indeed, amply rewarded 
inquiry ; but the study of them belongs to another 
part of the subject. We learn little concerning the 
struciure of the earth from these irregular accumu- 
lations, which, in fact, only mask and conceal its 
original features, though they teach very remarkable 
(ruths concerning the revolutions which have affected 
its sur&ce. (See fig. 2.) 

1 6. There are two principal conditions of arrange- 
ment to which all the minor appearances observable 
in the crust of the earth are subordinate or depen- 

Id the first case, the bounding surfaces of the rock 
are parallel, or nearly so, and extended to great di- 
stances, so as to include between them a tabular 
mass or layer of rock, which is technically called a 
bed or slratum. Several such beds or strata may 
be laid parallel one to another, and thus constitute a 



stratified formation. These strata may be of 
same or of different thickness, of the same or dif- 
ferent chemical qualities ; they may include the sf 
or difTerent organic exuvias, or be wholly devoid of 
them. All these circumstances are worthy of n 
mark ; but the important thing to be attended t 
in the first iostance u, that the rock U stratified. 
(Fig. 3.) 

In tiic second case, no auch stratification is ob- 
servable. Many rocks are columnar in structure ; 
some are formed in large lenticular or spherical con- 
cretions ; others are amorphous. All these and 
many more circumstances are important ; but the first 
thing to remark is, that the Tock is not stratified. 
(Fig. 3.) 

STRATIFIED ROCKS. 
17. A useful notion of the leading appearances of 
stratification is most easily acquired by examining the 
eastern, southera, and western coasts of England, 
where the cliffs present what is called a natural sec- 
tion, and generally display the edges of more than 
one kind of stratified rock; sometimes many kinds, as 
limestone, sandstone, and clay, which are placed one 
upon another, in a certain order, like the leaves of a 
book. The order of occurrence which the edges ob- 
serve in one part of the cliff is found to be the same 
in another part ; so that these strata form a series of 
terras, whose relative place is known. In other 
coimtries, other and quite difTerent rocks may be 
seen, but these hkewise show amongst themselves a 
settled order of succession. Exactly the same con- 
clusion lesultH from the experience of miners and 



pla, 

but declining into the 
of coast their edges ri 
some height above it. 



colliers, wellsiDkefs and quarrymen : it is coDGrmed 
by examination of roouatain slopes, and valleys ; so 
that we may stale it as a general truth, that the 
strata, wherever they occur, by the sea-coast or in 
the interior of the country, are superimposed on one 
another in a constant order of succession, and com- 
pose one regular series. 

18. It is observed that the faoundii^ surfaces of 
tlie strata, which we shall henceforward designate 
in, are seldom quite horizontal, 
s earth, so that along any line 

se from beneath the water to 
In the interior of a country, 

c same or other strata decline 
in some direction east, west, north, or south, so as in 
that direction to go deeper and deeper. This de- 
clination, or dip of the strata, is sometimes at a con- 
siderable angle to the horizon, but generally it is 
so moderate as 1 yard descent in 50 yards length. 
All the strata in the same district commonly dip in 
the same direction. The exceptions to this general 
law arise from particular and well-known, often local, 
causes. If, then, the circumstances of the country 
are favourable, we may see in the cliffs of the coast, 
trr along the valleys and hills of the interior, the se- 
veral strata rise in succession from the deeper parts 
of the earth, and end at the surface. Vi'e can notice 
their order of succession, measure the thickness of 
each, and combine our observatiooi into an artificial 
diagram, which shall represent truly what Kould be 
the appearance, if we could perform the operation uf 
cutting the earth along the given line to the required 
depth, Such a diagram is called an arti/icial section. 



By prosecuting these researches, until we have founB 
the true place of eacli stratum in the general s< 
and its thickness, we come to form a general tabiA 
or section of the wliole series of strata existing t< 
gether in any one country. Though wc may d< 
able at any one place to see more than a few of these | 
strata exposed, yet by examining them as they s 
cessively rise to the surface of the earth, and adding | 
all their thicknesses together, we learn the aggregate 
lUickneat of the whole mass of strata under ; 
gion ; (he depth, in short, which must be sunk in 
order to penetrate tlirough the whole series, begin- 
ning with the uppermost. In England we mav call 
this known thickness 3, 5, or more miles, according 
to the situation ; and tlie following table shows what 
is the series of strata. 

19. Series of British Strata, beginning at the Sur- 
face, from which all Water-moved Gravel and 
River Sediments are supposed to be removed. 
(15.) 
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20. A knowledge oftheexaclseries of strata exist- 
ing in any given district may thus be easily acquired, 
and it has in fact been possessed by practical men in 
almost every local district where natural sections can 
be observed, or mines and collieries are extensively 
wrougbt. But until Werner anil Smith, independ- 
CQtly of each other, compared the stratification of 
difTerent countries, and discovered laws of accordance 
in the series of strata over large tracts of the globe, 
the local knowledge of miners and colliers, for want 
of combination, was of small geological value, and 
often led to absurd hypotheses. Any one who pos- 
sesses this local knowledge is, however, immediately 
in a state to follon the steps of the great geologists 
above named. In the first place, he must accustom 
tiimseir to consider the series of strata, not only as 
they succeed each other in the earth, but also us 
they appear on the surface ; he must not only draw 
a section, but colour a. map. (See, as an example, 
fig- *■) 

We shall suppose htm situated near the sea-coa^t 
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of Yorkshire, and to have marked on his map the 
ranges of chalk, Kimmeridge clay, coralline oolite^ 
and lias. The chalk, which is the uppermost term n 
this series, extends from Flamborough Hesd thro 
Yorkshire, Lincolnshire, Norfolk, Suffolk, Hertford 
shire, Wilts, Dorsetshire, &:c. Parallel to it 
tends also the Kimmeridge clay : the coralline o 
occupies a broken bm parallel range. The lias hcMt, 
an uninterrupted course from the coast near Whitbj^. 
through Yorkshire, Lincolnshire, North amptonshin);. 
Gloucestershire, and Somersetshire, to Dorsetshire.^ 
Nor is the range of these strata limited to Englandtl 
for they cross the Channel, and occupy large spaces 
in the same order of succession on the continent of 
Europe. 

Hence vre learn that not only the principle of stn 
tification is very extensively recognised over t| 
globe, but also that some particular sets of slrataaq 
continuously traceable over large tracts, preserviai 
the same relative position on the surface and in tb 
interior ; so that a general table of their order 
superposition may be drawn up, which shall apjdj^ 
allowing for local peculiarities, with equal truth tO' 
every part of their ranges, as, for example, to all E 
rope. Thus we rise to a general principle of gresl 
importance, by which we may hope eventually to 
connect the results of observations of stratified rocks 
over the whole globe into one harmonious system. 

21, This continuity of the strata is not to be un- 
derstood of every locally observed bed of the series, 
nor even sometimes of every set of beds of the same 
kind ; for some of these beds are the effect of very 
limited causes, and all of them are liable to local 
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variation. Hence it happens that in some countries 
certain strata are wliolly wanting, and otliera are so 
much altered that certain parts of the series assnme 
totally different characters. No sets of strata are 
uracersally continuous ; there are no universal stra- 
tified rocks ; but yet it is true that certain groups of 
these stratified rocks, consisting, for example, of cer- 
tain kinds of limestones, sandstones, and clays, oi of 
certain gneiss rocks, mica schist, and clay elate rocks, 
are so extensively traceable as to give us reason to 
conclude that very extensive and uniform operations 
of nature nere concerned in their production. 

23, The organic exuvia: which are found in the 
stratified rocks offer a wide field of inquiry, from 
which already rich and valuable results have been 
gathered. This is not the place to develop that 
magnificent subject further tlian to show what these 
remains are, and how they can be brought to afford 
evidence of revolutions which the earth has under- 
gone. Both plants and animals have lef^ n 
of their existence and traces of the 
earth. The ligneous, vascular, and 
cellular parts of plants abound in the earth, and the 
leaves are so perfectly retained that an exact com- 
parison can be instituted between them and recent 
vegetables. Of animals generally the sofl parts are 
not preserved in the earth; but the bones of reptiles 
and other vertebrata, the hard coverings of Crustacea, 
the shells of mollusca, the stony and lapidescent co- 
verings, fulcra, and cells of zoophyta, are abundant. 
Generally speaking, the fossil species both of plants 
and animals are not identical with existing kinds ; 
often they belong to different genera, fiometimes ad- 
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mit of no close resemblance with any Hying form. 
In certain strata of the least ancient date, both plants 
and animals occur not distinct from existing species. 
Fossil plants and animals do not exist in all the strata, 
nor everywhere in equal abundance in the same stra- 
tum or set of strata. They are not eonfiaed to auy 
particular kind of rock ; they are not always present 
in rocks of a certain kind ; nor, except in a few in- 
stances, always absent from other rocks. These re- 
marks are sufBcieat for the present course of argn;^ 
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icipk of stratification is universiln 
1 to say, in every country of sufficient exteni' 
led masses occur in a certain consecutive order; 
I many very large districts removed from the 
. nothing but stratified rocks are seen. 
Any one whose notions of the structure of the earth 
were drawn from observations in south-eastern parts 
of England would certainly suppose, as Werner did, 
that all rocks were stratified. On the contrary, the 
inhabitant of mountainous regions finds a great va- 
rieey of rocks, such as giauite, sienite, porphyry, &c., 
in which no trace of strati (i cation can be seen, — many 
others, like gneiss and slate, in which this structure 
is so anomalous as to convey to his mind a very in- 
distinct notion of its true nature. These insulated 
observers can therefore hardly understand each other j' 
and it is no wonder if theories founded on their o 
servations are found to disagree. 

S4. In many countries, however, the stratified a 
ututratified rocks occur together; and it is then si 
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that while the former follow a regular arrangemem, 
and lie nearly parallel to the earth's surface, the lat- 
ter appear in irregular, often unconnected masses be- 
neath all the strata, or protruding through them in 
insulated peaks, or traversing them in vertical masses 
called dykes, or penetrating them by veins. Not only 
have they no constant relation to the stratified rocks, 
but they have no constant relation to one another, 
either of position or mode of occurrence ; so that it 
is impossible to form anything like a regular series 
of them. Hence they are very properly called by 
D'Halloy rochea hors de serie. 

2S, Further examination shows that the mineral 
ingredients of which the stratified and unstratified 
rocks consist are either very diflferent or in a very 
different state. For while the stratified r k am d 
all their variations of colour, hardness, and 1 al 
constitution, can he described as hme on d 

stone, clay, ironstone, coal, the unstratified k 
wholly different, and consist of mineral of y 
kinds variously aggregated together. Th I m a 
often composed of attrited grains, the latter of per- 
fect crystals ; the former generally contain organic 
exuviffi, the latter almost never. Whenever the lat- 
ter appear at the surface, the former are more or less 
disturbed and confused in position ; and the result of 
comparative examinations upon them is invariably 
found to be a full belief that they were produced hy 
different causes acting, probably, at different periods. 

We shall now class the phenomena presented by 
these rocks in such a form as to exhibit their di- 
stinctive peculiarities, and put them in comparison 
with the modern effects of natural agencies upon the 
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globe. In this way we may expect to lea 
causes concerned in iheir production. 



26. In the modem system of nature we recogniai 
two great agencies employed in producing chaDgc 
on the face of the globe, — Water, which i 
away, grain by grain, the elevated portions of thi 
land, and deposits its spoils^in lower situations, thut 
ever tending to equalise the levels of the surface;-. 
FiBB, which raises matter in masses from the 
of the earth, and thus tends to increase the inequali- 
ties of its surface. Both of these agents act chenti- 
cally ; water dissolves, heat fuses ; boili also act me- 
chanically. The mechanical effects of water depeiid 
on the general force of gravitation, and ever tend 
downwards, so that the lowest part of any aqueous 
deposit is the oldest ; biit the mechanical force o 
heat is independent of gravitation, and ever stru^ 
gles to overcome it. Water is a tranquillizing, het 
a disturbing, agent. 

27. Rocks are formed both by aqueous ai 
ous agency in the present osconomy of nature, and 
they are in general easily distinguishable. The de- 
posits from water are composed of limestone, sand- 
stone, or clay, according as the water acts chemically 
or mechanically : they are generally arranged t 
to constitute strata of various thickness and extent) 
according to the circumstances of the case. The 
accumulations formed in the beds of lakes, at the 
mouths of rivers, and in gulfs of the sea, are 
tified and composed of such materials. MoreoTC 
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these iDodern strata indoae rMnaim of freshwater, 
terrestrial, or marine organic bodks, accordaig » 
these existed or nere transported into the waUr ; and 
they are deposited in the stnia aceavdkg to tke pe- 
riods nhcn these trere fomwiL In erery napect, 
then, the modem aqaeonadepoailsaie exactly MBnlaT 
to the stratified rocks produced n fixmer wd J tifw 
of the globe. Whetbo- tfaej are ttfoaXj t u ta u n it 
another question; bat it is dear that pmcoaeaof dw 
same kind have occasioned aD tli«e plwanmena. 

38. On this deterniinatioii t^ tlte aqneon* origia 
of stratified rocks inclocing oi^anic exiiTtae of by- 
drozoic animals, rests the doctrine of the rebtire 
antiquity of the rocks, according to their relative 
place in the scale of stratification. Id the lame 
manner as we know and cannot doubt that the lotrest 
layers of the sediment from a pond, lake, river, flood, 
or inundation of the sea is the most ancient, and the 
upper layer is the least ancient of all these nhich 
exist together, so in the series of stratiSed rocks, 
which were likewise deposited from water, the lowest 
are the oldest, and the uppermost are the newest. It 
is not here a question of what periods of time elapsed 
between the deposition of the oldest and the newest ; 
the general principle only is required to be granted, 
and it will be left to a future special investigation to 
draw the proper inferences on the lapse of time du- 
ring the accumulation of the strata. 

There can also be no reasonable doubt on another 
important topic. As at the present day, except un- 
der special circumstances, such as noticed by Mr. 
.Yates in the lakes of Switzerland, so in ancient limes, 
B may be sure that the marine stratified deposits 
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would assume the character of level or nearly lef 

surfaces, becauiie this is the result of the c 
action of agitated water. In what 
strata are now found, we may always agree that t] 
were ai first deposited nearly level. 

29. The rocky accumulations from m( 
agency are exhibited to us in volcanic r 
we see that tite lava thrown out does not form true 
strata, except for very limited areas, though, in con- 
sequence of successive eruptions, it may be laid in 
many consecutive stream-like deposits. Even the 
scoria which is ejected from the volcanic cone, and 
faUs more or less on all sides of It, is accumulated in 
such a way amongst the streams of lava, and witli 
such a relation to the slopes of the ground, that il 
docs not form true strata. The lava frequently forB 
dikes and veins. 

The materials of these eruptions are neither liid 
stone, sand, nor clay, but consist chiefly of a variety 
of crystallized minerals, in which the bases of these 
rocks are united with other earthy, alkaline, and me- 
tallic substances. Finally, they contain of course only 
by peculiar accidental circumstances any retnains of 
animals or plants. When the melted lavas come in con- 
tact with previously solidified rocks, some changes 
occasionally happen, which may be imitated by arti- 
ficial heat. In all these particulars the modern pro- 
ducts of fire resemble the ancient unstratified rocks. 
We may further remark, that moat abundant and 
characteristic mineral substances now obtained from 
volcanic rocks are equally abimdant and character- 
istic of their older prototypes; that in both classet 
these minerals are often found grouped together ir 
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the same manner ; tliat some of ihe most abundant 
of the older unstratified rocks are not distinguiahable 
from certain moilern volcanic rocks ; and tliat there 
is such a general resemblance between the two classes, 
and so many analogies of comhination and appear- 
ance continually observable between them, that we 
cannot hesitate to pronounce the unstrafified rocks 
generally to be the product of heat. It would not 
be right to say they were ancient volcanic rocks, for 
volcanos are only a particular case of the general 
efTect of subterranean heat; and there are various 
facts connected with the history of the older rocks 
which do not permit us to assign to ihem a real vol' 
canic origin. On the contrary, certain differences 
almost always existing between these and volcanic 
rocks appear sufficiently marked to lead us to a 
theory of their origin which shall explain at once 
dieir general dependence on subterranean heat, 
and their particular difl'erences from volc^mic pro- 
ducts. 

30. There are some rocks which appear both stra- 
tified and crystallized, as certain limestones; others 
which are neither stratified nor apparently crystal- 
lized, as wacke and some sorts of claystone. Yet 
even these, and some other cases which on a first 
view appear to confuse the classification and disturb 
the inference, are capable of satisfactory solution. 
It is known by direct experiments that artificial heat 
ii capable, under particular circumstances, of chang- 
ing sedimentary limestones into crystalline limestone. 
Thus, Sir J. Hall actually converted chalk into gra- 
nular limestone. Now the granular or crystalline 
limestone above alluded to sometimes occurs in such 
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n to rocks of igneous origin that its crystal- 
9 with much probability referred to 
the local development of heated rocks iti that situa- 
tion. In other instances we may easily imagine the 
interior heat to have produced the same phenomenon, 
though no igneous rocks be actually exhibited in the 
neighbourhood. 

With respect to uncrystallized rocks, which are 
also unatratified, we may remark that though, among 
the modern effects of volcanic fire, we have selected 
crystallized rocks as characteristic of these effects, 
and have remarked the analogy in this particular of 
the old unstratiRed and modern igneous rocks, yet 
neither in one class nor the other is it meant to be 
understood that such rocks are the only ones that 
exist. Here, again, we are aided by actual experi- 
ment. Mr. G. Watt has shown that the very same 
mass of chemical substance, perfectly fiised and al- 
lowed to cool, will become glassy, earthy, or crystal- 
lized, according to the rate of its cooling. The same 
thing happens in volcanic products ; the same thing, 
hardly in a less degree, did happen amongst the an- 
cient igneous rocks. We have, therefore, the means 
of explaining all the apparent exceptions to the ge- 
neral rules given above, and by a careful study of 
the cases shall probably in time arrive at a clear 
derstanding of the conditions which occasioDed all 
the phEcnomena. 

PHYSICAL GEOGRAPHY. 

31. Having thus arrived at a clear view of thf 
origin aud relative position of the rocks composing 



the crust of the globe, we must lura otir aitedtioD to 
thesurl'ace, which, as before observed (18.), is fonneil 
upon the edges and surfaces of these rocks (6g. 2.)' 
and. inquire trhal conoexion there may bo between 
the physical features of the surface of the gtobe and 
the subjacent rocks. Taking the most geoeral view 
which the subject admits, we may consider the nuiun- 
tainous regions of the globe aa arising in the midst 
of the broad planes and gently undulated regions, 
like islands in the sea. Some particular plains are 
surrounded and defined by the chains of elevated 
ground, as the Plain of Bohemia; but it is a more 
general iaci that the plains spread round and inclose 
the mountain masses. The depth* of the sea appear to 
balance the ridges on the land. There are in the sea 
certain lines and certain centres of depression, as on 
the land are particular chains and peaks of elevation. 
If we could remove the whole of the enveloping 
ocean, it is probable that the greatest depths of the 
basins of the ocean would be found proportioned to 
the greatest elevations of the land, and equally limited 
in area. The far greater part of the ocean is of a 
moderate depth, as ihe far greater part of the land 
is of a moderate altitude. 

32. Putting out of consideration, for the present, 
the loose water-moved fragments which cover to s 
small depth in many parts the actual solid framework 
of the earth {IS. and fig. 2.), we may state as a gene- 
ral truth, tliat the great plains and moderately undu- 
lated regions of the dry land owe their principal 
features to the quiei deposition of the siratified rocks 
)elow them ; while the mountainous land, on the 
mtiary, owes its peculiar features to the elevation of 
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pyrogenous rocks along their chains, or amidst theii^ 
groups and peaks. It ts a general law, confirmed hf 
most ample evidence, that the interior parts of it 
tainous regions consist of granite and other pyroge 
nous rocks rising from below all the 
bearing them np to their present clei 
these elevated points and lines, both the Bubjaceot 
igneous and ihc superior stratified rocks descend al 
various angles toviards the plains and more level re- 
gions, beneath whicb tbey sink and p 
distances, until they agaia emerge in some other 
mountain group having similar characters, 
sequence of this arrangement, it happens generallj 
that the oldest strata, those which sink deepest unde» 
the plains, rise highest against the mountain slopes^ 
a circumstance easily understood, though si 
called a geological paradox (fig. 5.). The n 
slant of all the facts connected with this part of tl 
subject is the development of granitic or some otb 
pyrogenous rocks about the centre of the elevated 
groups, from beneath all the strata there occurring. 
Very frequently cracks and fissures of the strata a 
filled by these igneous rocks injected from beloivj 
and thus in some cases the proximity of their massa 
is indicated when they cannot be actually si 



33. Leaving the question of the original aggrega- 
tion and interior arrangement of tlie matter of t 
globe (9. 12. 13.) to the astronomer, and the lana 
the atomic constitution of minerals (8. 9. 10. II.) 
the philosophical chemist and crystallographer, \ 



may gather from die preceding statemerts sufficient 
grotinda for a general view of tlie structure of the 
exterior crust or sliell of the globe. By far the 
greater portion of the surface of the earlh is occu- 
pied by rocks, which were deposited by water in the 
form of strata (16.), more or less approaching to a 
horizontal position, which succeed one another in a 
certain order of superposition (17. 18.), are of dif- 
ferent antiquity according to this order, and are con- 
tinuous (SO. 31.) for less or greater distances. In 
these strata multitudes of remains of plants and 
animals (32.) lie buried, which are for the most part 
distinct from the plants and animals of the present 
day, though belonging to the same great divisions, 
and formed upon the same general plan of terres- 
trial and aquatic life. This system of stratified 
rocks extends to a variable depth, not exceeding a few 
miles (18.), and below it and amongst it (£5. to 23.) 
occurs a set of rocks, which are not stratified, and do 
not contain organic remains, but consist of such mine- 
rals, and occur in such circumstances, as to be clearly 
the result of igneous agency. These pyrogenoua 
rocks are frequently found piercing through the 
strata in various ways, as if uplifted from below. 
In some cases, also, the effects of heat are traceable 
in the stratiSed rocks themselves (30.), in conse- 
quence of which they have partially or generally as- 
sumed some of the appearances properly charac- 
teristic of the pyrogenous rocks. 

The dry surface of the earth is formed on the 
edges and surfaces of the strata and tops of the up- 
lifted pyrogenous rocks, in such a manner that while 
the great plains and moderately undulated regions 
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consist entirely of stratified rocks, the r 
parts usually contain an axis or nucleus of pyroH 
genous rocks covered by stratified rocks ; both 01 
which groups decline on all hands from ihemountai 
chains, sink below the more level regions to 
depths, and pass to various distances. 

Both fire and water have been actively e 
in the construction of the earth. Water has deposited 
from above, in a settled order of succession, many ei 
tensive strata and sets of strata, variously filled n 
the organic remains of the several periods ; andbeM 
has expanded these strata from below, and thro 
up a different set of rocks from the deeper parts q 
the earth. It is the business of the geologist 1 
with accuracy the effects of these agencies, » 
and combined ; to arrange these effects in a c 
logical order, and thus to compose a correct i: 
complete history of the revolutions by which il 
earth has been brought to its present condidoii 
stored with its present wonderful variety of a 
vegetable, and mineral forms, and made fit for tl 
residence of a being giAed with that 
which prompts him to examine, and tliat divine re 
son which enables him to interpret, the works o 
nature, and through tliem to hold a sublime coiA'l 
munion with the Creator of the u 
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di. The most important of all the leading truths 
established by modern geologista was not wliolty 
unperceived by i!ie enlightened philosophers of anti- 
quity. When Ovid ascribes to Pythagoras the opinion 
that, in the course of tlie changes of nature, wjiat is 
now dry land was formerly sea, and the contrary, 
and illustrates the doctrine by the submersion of 
cities along the shores of the Mediterranean, and by 
(he occurrence of marine shelh far from the sea, it 
is impossible not to be struck nith the force and 
simplicity of the argument. Ideas of the same kind 
were distinctly announced by Strabo and by others 
accustomed to the phtenomena of earthquakes in Asia 
Minor. But the poetical notion of changes of land 
and sea over given regions, suggested by limited phfe- 
nomena, is distinguishable from tlie philosophical 
conclusion, based on universal research, that the 
whole of the existing continents and islands have 
been reared out of the bosom of the sea ; that all our 
highest mountains are of comparatively modern date, 
and that in some former period of tlie world, the 
oceaii-currenta flowed over the yet unborn Alps and 
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Pyrenees, as well as over the plains of India, Africa, 

35. Whether at the time when all our continenU 
were beneaili the sea, ibere were other continenti 
raised above it, is a matter which it is difficult to 
bring fairly within the scope of inductive science, 
except in a very limited form, and upon rather doubt- 
ful asaumptinni. The only clear and certain evidence 
for the existence of land in other situations than 
where it now appears, is lo be sought in the history 
of terrestrial organic exuviae imbedded in the earth ; 
the only reasonable presumplixie evidence in favour of 
Buch a doctrine, niiist be founded on mechanical con- 
siderations connected with the massand depth of the 
waters of the ocean. To conclude that because con- 
tinents were raised in one quarter, others must have 
been depressed elsewhere in a certain proportion, it 
inadmissible, because it requires us to admit what is 
perhaps false, viz. that the spaces occupied by the 
Bolid and liquid parts of the mass of the globe have 
always been eitactly and invariably in the same ptO' 
portion to each other as at present. Who can assure 
us of the truth, or even theprobability of suchalaw? 
[f the temperature of the earth has varied even a 
little; if there are variable vacuities in the earth; 
if in the course of heating and cooling, of cotnpo 
sition and decomposition, the spaces occupied by n 
terial snbstancea chsnge; this law must be i 

36> The simple argument of Ovid, 



will probably never lose its force in convincing n 
tind that they stand upon the elevated bed of il 



ancient sea. When we find shells and corals which 
beyond all doubt must have lived in the sea, depO' 
sited in the interior of solid rocks, wiili all their deli- 
cate ornaments of structure uninjured, lying in these 
rocks as ihey usually do on the bed of the sea, we 
are irresistibly compelled to conclude, not only that 
these exuvife were deposited by the ocean, hut that 
Che animals actually lived in or near the very spots 
where their remains are buried, and were there qui- 
etly covered up by ihe ordinary deposits of earthy 
matter then proceeding. The stratified rocks in- 
closing these remains were really in succession the 
bed of the ancient sea; and wherever we find the 
faithful testimony of marine exuviae, the conclusion 
is immediate and unobjectionable, that the ancient 
bed of the ocean is laid open belore us. The extent 
to which this principle is applicable varies in different 
countries. In Burope generally, in North America, 
in India, a large portiou of the whole area may thus 
be proved to have been formerly submerged- 

37. As in the present operations of water, strata 
containing organic remains alternate with others 
which do not contain them, and yet all the conclu- 
sions as to local circumstances apply to both equally, 

with others which do contain them, and tlierefore 
botli were subject to the same local conditions. There- 
fwe such strata as red sandstone, and many kinds of 
slate which, in England at least, contain no organic 
remains, were as certainly formed in the bed of the 
sea, as the conchiferous limestones above and below 
them. Moreover, strata which in some countries con- 
tain no organic remains, do contain them in others, 
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as, for instance, the Ted sandstone ; and by combiniiii 
all these facts together, we arrive at the conclusioa 
that the Ovidian argument from the presence of a 
rine eKuviEe, applies to at least three fourths of tl 
whole area of the solid land, and to the whole seriH 
of strata except those which lie at the very bottom; 
and to all heights above the level of the sea, and t 
alt attainable depths below it. But even if there w 
no marine exuviee in the stratifieil rocks, yet becaui 
of their production from water, their regular 
of succession, and other characters, they speak I 
themselves, and show most clearly that they are n 
to be regarded in any other light than as deposil 
upon the bed of ancient waters. In this 
make no exception, but include with equal confideno! 
the'most ancient primary slates and the most model 
tertiary sands. 

Thus we arrive at the conclusion that not only b 
the great plains and all the undulated portions of tl 
land were formerly submerged, but that the flanio 
and oflen the very summits of the loftiest mountain 
were similarly circumstanced, for all thes 
posed of Etrati6ed materials of some kind or other.. 

^S, The same conclusion applies likewise I 
pyrogenous rocks which appear about the centres tt 
mountain groups ; for, as we have before seen, tbeH 
rocks appear in such a relation to the strata of tl 
mountains, that by a large induction of facts v 
led to conclude that they have been thrown up 
beneath all these strata, and have in fact been una 
lieaved with them from their original situation on 
bed of the sea. Therefore it is concluded i 
ftmdamental maxim in geology, that the whole area 
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now oceupiGd by dry land was formerly covered by 
the sea. We may next inquire into the agencies by 
which the land was redsemed from the waves. 

ELEVATION OF LAND. 

39. The strata formed upon the bed of the sea 
could only be laid dry by one of two processes ; 
either the general level of the sea has been lowered, 
as Werner imagined, or there have been vertical 
movements in the bed of the sea. The notion of the 
gradual lowering of the level of the ocean is one of 
those imprudent suppositions which the constantly 
increasing connexion of geology with exact science 
has nearly banished from our systems. It was 
adopted with the view of accounting for the often 
observed fact, that the strata whicli descend to the 
greatest depth under the plains, and are certainly 
the oldest, are also found rising to the greatest 
height along the flanks of the mountains. The Wer- 
nerian hypothesis assumed that the great physical 
features of the globe, its mountains and plains, were 
aboriginal ; it assumed that all the igneous rocks 
were of aqueous origin ; and it was to agree with 
these fundamental errors, that the monstrous notion 
of the gradual and universal sinking of the water- 
level from the summits of the mountains to the shores 
of the actual sea, was framed. This nation is so 
contrary to common sense, that it will be instantly 
rejected by every mind which is not prepared to 
admit an unlimited variation in thequamity of water 
upon the globe. 

40. No direct collision with natural philosophy 



can be chargeable upon ihe oiher supposition ; 
must therefore judge it by comparison with observed 
(acts. The vertical movements may have been el 
vatory or depressing, or both ; they may have t 
sudden am) convulsive, or gradual. In every c; 
of cvnruUicr elevation or depression along a line ofM 
about a centre, the strata, originally deposited nearly 
level, must be placed in angular positions with re- 
spect to the hariion, and the dips or slopes thus oc- 
casioned will be most considerable along the line or 
aboDt the centre of the disturbance. Thus, in the 
annexed diagram (fig. 10.), d represents a case of 
depression, and e of elevation. Nearly analogous re- 
sults would follow a gradual vertical movement of 
the sirat.i. If iheelevatory or depressing action wai 
exerted over 3 very broad area, and was gradual, it 
might happen that no sudden or violent dips should 
be anywhere traceable, but ihe effect would be a gra- 
dual intumescence or subsidence. These are obvi- 
ous truths, and ihey are sufficient for the purpose of 
examining the question of the desiccation of the land. 
It cannot be doubted that both depression and 
elevation have happened to many pans of the bed of 
the sea ; but when we proceed to those parts of the 
country which were most afiected by these disturb- 
ances, tve are at once convinced that it i 
elevation of the bed of the sea we must ascribe ti 
existence of mountains. The general fact of tl 
rapid dip of the strata in the proximity of themoui 
tains (fig. 5.), contrasted with their gentle slopes a 
nearly horixonial position, even at moderate ( 
stances, is sufficient proof of this. As nothing c 
be more certain tfaan the dependence of the 6gur^ 
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of continents and inlands upon the direction oC the 
ranges of mountains, there is no room to doubt that 
all Dur solid land lias been raised out of tlie sen, pa- 
rallel to certain lines, and around certain centres of 
vertical movement. 

The confusion of dip (fig. fi.) so commonly ob- 
served in the proximity of ir 
cate that the elevatory n 
convulsive; but the fnll dis( 

would lead to theoretical considerations unsuited for 
an elementary work. Whether depress 
parts of ihe globe corresponded to the 
these, is a question of the same character. 



of this 
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ERUPTIONS OP PYROGENOUS ROCKS. 

41. We may, however, advance our conclusiona, 
as to the elevation of land, one step further, by con- 
sidering the relation of the lines and centres of eleva- 
tion to the eruption of pyrogenouH rocks. The ap- 
pearance of these rocks along the lines of subterra- 
nean movement is so constant and characteristic a 
phfBDomenon, that we cannot doubt of the depen- 
dence of both upon the same local causes. Some 
pressure from tvitliin, determined to particular points, 
has evidently upheaved the strata with the subjacent 
pyrogenous rocks. In some cases it is probable that 
the pyrogenous rocks were upheaved in a solid 
form ; in others it is demonstrable that they were in 
a state of igneous fusion, so as to flow into cracks 
and Assures of the strata. The phenomena may be 
plausibly explained upon the supposition of the local 
production of great subterraneaa heat, or by consi- 
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tiering the convulsive moveraent aa a paroxysmal 
relief to a general pressure upon the internal fluid 
nucleus of the globe. Each of these views hag able ■ 
defenders. ■ 

4S. Nothing; is more evident in physical geogrs«l 
phy than that the extent and direction of the land I 
depends on the ranges of mountains ; these have been 
■hown to owe their elevation to subterranean move- 
ments ; and this is generally thought sufficient proof 
that the elevation of all the solid land is due to ihej 
convulsive rising of the mountains. This is, homeveij 
not proved, though we may always justly consider tl 
large breadths of land rose with the mountains. Bnt 
it is not adequate as a general explanation of the d 
siccation of (he continents, for a very sufficient n 
son, viz. that many mountains were raised by the ci 
vulsions, of which they exhibit traces, before the strata 
mere formed) which are now laid dry around them. 

43. Persons who are aware of this difficulty pro- 
pose another view. They say, as the muunt^iaS 
certainly owe their elevation to convulsions 
beneath them, so also probably were all the oifae) 
parts of the dry surface of the earth raised by otba 
convulsions, suitably posited. This is equally erro- 
neous. There is no ground whatever for applying 
this hypotliesis to the desiccation of tlie eastern and 
south-eastern parts of England, the North of Ger< 
many, and other large tracts of Europe ; for in a9 
these cases no convulsions can be traced at all add; 
f[uate to the effect. 

There remains for these cases, which relate M 
perhaps half the area of the dry land, only, the hfi 
pothesis of gradual elevation of large tracts, eitha 
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by the manifold repetition of small disturbing move- 
ments, or some general expansion beneath a whole 
physical region. Many of the Swedish naturalists 
believe that such an expansion is at this moment 
gently raising a great part of the Scandinavian pen- 
insula. 



RELATIVE ANTIQUITY OF LAND. 

4+. One of the most interesting of the results to 
which a careful study of the circumstances of the 
elevation of mountains has conducted geologists, 
and at the same time one of the most certain, is the 
knowledge that the dry land is not all of the same 
antiquity ; in other words, that some mountain 
ranges, and some large regions, were raised above 
the sea long before the occurrence of the convulsions 
which affected the level of other countries, and even 
before the production of the strata of those coun- 
tries. For instance, we have no doubt that the 
Grampian, Lammcrmuir, and Cumberland moun- 
tains were dry land long before the Alps were reared 
from out of the sea, and while the greater part of the 
area of Europe was occupied by the ancient ocean. 

How is this ascertained? It depends upon the 
determination of two leading truths : First, That the 
series of convulsions to which mountain ranges owe 
their origin, were effected at many different and re- 
latively ascertainable periods. Secondly, That by 
these convulsions, or some gradual operation, the 
bed of the sea was not only retaiieely raised in cer- 
tain parts, but that particular portions of it were up- 
lifted above the level of the surface. 
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45. The relative age of convulsions is known bjs 
observing what strata ore and what are not dislocated" 
by them. If, for instance, as on tlie borders of Cum- 
berland, tlie old slate and limestone strata are dislo- 
cated in certain directions, while, in ihe prolongation 
of these directions, the newer strata of red sandstone 
are not disturbed, but lie level over the sloping snT- 
faces and edges of the others, we know that the con- 
vulsion happened after the formation of the slate 
and limestone, but before that of the red sandstone: 
(fig. 7.}. Again, because on many of the peaks and' 
in manyyalleys of the Alps tertiary strata are foundi 
in a state of dislocation, it is dear that the last dii 
locations of the Alps were subsequent to the tertiai^ 
sera. Generally, the age of a convulsion is less thut 
that of the dislocated strata, and greater than that of 
the strata which lie undisturbed, and unconformable 
on or against the former. 

That certain parts of the bed of the sea were noC 
only raised, in relation to other parts, but abso; 
lutely reared above the waters into ranges of h!gK 
ground, is known by the circumstance, that sinci 
the date of the convulsions which can be traced in 
them, marine strata have been formed around them, 
and in hollows of their surface, in such a way as to 
indicate that they stood up like inlands, amidst 
waters, defining the area over which the sea Ci 
form its deposits, and producing ihe vegetables 



bedded in these deposits. Thus the Cumbria^ 
group of mountains was dry land at ttie lime of 
deposit of Ihe red sandstone around it; the sa 
was the caise with Charnwood Forest; and by c 
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tinuing researdics on tlic principli; of combining the 
evidence of convulsive movements, and subsequent 
deposition of marine strata, we may gradually hope 
to see light break in upon the interesting problem of 
die ancient hydrography of ihe earth. 

PERMANENCE OP THE LEVEL OP THE OCEAN. 

46. It has already been shown that the whole of 
the dry land was formerly submerged (JH — 38.). 

The preceding statements {H.) will probably be 
admitted as sufficient to prove the justness of the 
data for our conclusion, that the dry land is not all 
of equal antiquity, as the strata composing it cer- 

Vie have stated on what grounds geologists con- 
clude that the desiccation of much of this land is a 
consequence of subterranean movements ( 40. 4i.), 
and that for the remainder it is preferable to appeal 
to a more gradual and general change of relative 
level of land and sea (43.). It has also been stated 
that the drying of the land by a general subsidence 
of the ocean level (39.) is a mere delusion, and that 
the facts can oidy be explained by internal move- 
ments producing locally sudden or gradual change of 
dimension. Though the Wcrnerian hypothesis of the 
gradual subsidence of the ocean, which to suit the 
phsenomena which it professed to explain must have 
been to the extent of some miles, is now little re- 
garded, it is necessary to show the line of argument 
according to which it is allowable for geologists to 
take for granted the permanence of the level of the 
ocean, inde<pendent of aatronomical vicissitudes. 
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47> In this argument die quantity of water upoa 
the globe is supposed to be constant : we hare clearly 
no right to suppose otherwise. Variation of the 
level of the water may happen in consequence of 
internal movements and displacements of the parts of 
the earth, or from a change of the temperature of the 
globe. DisptacetHcnts of the parts of the globe may 
cause land to sink or rise, or both. If any part of 
the bed of the sea sinks into a cavity, or rises out of 
a cavity, the ocean level will be altered in propordoB 
to the bulk of this cavity directly. The greater the 
cavity out of which any part rises, or into which any 
part sinks, tlie greater the change of level. If we 
suppose three fourths of the globe to be covered by 
water, and imagine a portion of the bed of the set 
equal in cubic content to the [and now above the 
water to sink below it into a cavity, the depression 
of level occasioned over the whole ocean would be 
equal to one fourth of the mean height of the land. 
This we may take at 1 000 feet : consequently the de- 
pression of the sea upon this enormous sinking would 
be only 250 feet. If the existing land should sink 
into a cavity, so that it should just be submerged, 
the level of the sea would remain nearly unaltered. 

The converse is true. Any rising of the bed of ihe 
sea out of a cavity will cause a general elevation of 
the ocean level proportioned to the bulk of the dis- 
placed mass of the earth ; any rising of the bed of 
the sea from a cavity into dry land will raise die 
level of the ocean in proportion to the difference 
between the whole quantity of matter raised U)d 
that quantity which is elevated above the surface 
midtiplied by a fraction whose numerator is tbt 
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former and denominator the subsequent area of the 

But if we discard the notion of cavities, and sup- 
pose the elevation of one part to be compensated by 
depression in another, the ocean level will vary merely 
as the quantity of land above its surface. It will 
rise by the sinking of the land under it, and the con~ 
trary. If we suppose all the dry land to sink, u])on 
this hypothesis, and he subraerged, it wiil cause the 
ocean to rise about 250 feet. To sucli a depth then, 
and no more, could the ocean have sunk upon the 
rising of this mass of land. If at all times as much 
land rose above as sunk beneath the surface of the 
sea, the ocean would remain level. 

48. The effect of a general change of the tempe- 
rature of the globe in altering the relative level of 
land and water cannot be stated, unless we a<{sume 
some fixed temperature for the water. In this case 
the change of dimension must go to some hundreds 
of miles on the radius before the relative level of 
land and water would he so affected as to account for 
the emersion of a large part of the land. A change 
in the mean temperature of the superficial parts of 
the globe is a very probable geological cause of some 
fiuciuatiou of level; but its effect upon the elevation 
of tlie ocean level cannot have been considerable. 

49. Astronomical vicissitudes would for the most 
part be insensible in altering the mean level of the 
ocean; and unless we take into account a great dis- 
placement of the axis of rotation of the earth, we are 
forced to admit that the mean level of the ocean is 

'ly penuaaenc, and that tlie dry land has been 
raised out of its bosom by the force of subter- 
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ranean movements. 
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What was exactly the nature 
lem, which must be intrusted to ihc 
ithematicians guiding the industrjof 



LAPSE OF TIME. 

SO. The magnificent spectacle of continents risii^ 
gradually or sudilenly from their parent waves ii 
calculated to impress upon even the least attentive 
mind a. Bentiment of respect for the sublime subject! 
of geological inquiry. It is hardly possible to avoid 
looking around for indications of the time required 
for the subaqueous production of such a mass of 
strata, and for their subsequent elevation. Befon 
involving ourselves in the difficulties which beset tht 
research into the source and prior condition of the mt- 
terials of stratified rocks, we may proceed to examilM 
what evidence ihey afford of their relative antiquity, 
and what inferences they will justify as to the abso- 
lute length of time consumed in their production. 

As the antiquary, who ia required to determiDe tbe 
dates of the successive piles of a ruined city, judgei 
by the style and sculpture and state of preservation 
of (he fragments ; so the geologist, by deciphering the 
characters impressed by nature on the rocks, is able 
to arrange them according to successive feras. If 
the antiquary be unable to refer his discoveries to 
historical records, and thus to learn the absolute in- 
tervals from one event to another, he is reduced to 
nearly the same state as the geologist who desires to 
ascertain the number of years or cycles of years which 
elapsed during the formation of tlie crust of the 



carih. In bot!) cases certain assumptions must be 
made before even plausible conjectures can be ha- 
zarded. Geology, however, would gain little by even 
a correct conjecture an this subject ; and though un- 
doubtedly a. vast variety of facts observable in the 
earth are clearly indicative of definite time, these 
Iiave been far too httle inquired into to give us at 
present the slightest hope of fixing a chronology of 
the strata in terms of the earth's revolutions. The 
following investigation is therefore not intended to 
accomplish more than to produce a conviction that a 
long succession of time elapsed during the construc- 
tion of the visible crust of tbe globe, 

51. In the production of strata which are com- 
posed of fragmented materials of any kind, mechani- 
cal forces were exerted; for it is chiefly by the 
influence of waves and currents that sandy and ar- 
gillaceous matter is brougbt to the stratified form. 
When, therefore, we see even a single sandstone rock 
composed of some hundreds of regular layers of sand 
and mica, and compare this with deposits from mo- 
dern rivers or the sea, we shall feel assured that in 
assigning to the accumulation of this rock a consi- 
derable space of time wc are proceeding in a just 
spirit of philosophy. 

If we consider the common case of alternating 
clays and sandstones, both of which are mechanical 
deposits from water, but jiroduced under different 
circumstances, perhaps brought in diflerent direc- 
tions, the indications of the progress of time become 
perhaps more clear and satisfactory. 

It is very common to find deposits of limestone, 
apparently produced by chemical decompositions, 
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lying in frequont alternation with satidstoties aai 
clays ; and in such a case, by inquiring of the actiol 
system of nature, we receive an answer that Eudi 
clionges of the mode of action in a given place implj 
cessations and renenala of chemical and tnechaoical 
actions nhich require time. 

By reviewing in this manner the whole series oF 
strata, amounting locally to some miles in thicknest, 
and considering the accumulation of each bed, the 
alternation of beds of diRerent kinds, the excitemcDt, 
duration, suspension, and resuscitation of mechanical 
and chemical agencies, we shall be strongly impressed 
with the folly of setting narrow bounds to the titoe 
employed in these operations. 

5S. Some stratified rocks are composed of frag- 
ments of various kinds, united by a general cemeai 
of a different nature. These are called brecciated 
or conglomerate rocks, according as the fragmi 
are angular or rounded by attrition in water. H« 
there is proof that before the production of 
stratum a previously stratified rock had been com 
lidated, partially broken up, its fragments agital 
in water, and then redeposited. In some cases 
glomerated rocks have been again broken up, 
their fragments submitted to the same process 
attrition and reaggregalion. 

53. There is another class of phtenomena nhicit 
speak a language on this subject that can hardly be 
misunderstood. We are well assured of tlie length 
of time required for the growth and maturity of or- 
ganic beings ; when, therefore, a single bed of stone 
only a few inches thick is found to contain a given 
species of shell, in every variety of magnitude, from 



the embryo to the full-grown or aged individual, all 
the speeiraens having evidently been enveloped quietly 
on the bed of the sea, and no bed either above or 
below for 100 yards containing any such shells, the 
conclusion seems certain that even for the accumula- 
tion of this one bed of stone ihe lifetime of thai spe- 
cies of molluscous animal was required. Such a case 
occurs in the coal district of Yorkshire, where a bed 
of shale only a few inches thick, but extending for 
many miles, contains Ammonites Listeri in every 
stage of its growth ; but that shell does not: occur 
above or below, through a great thickness of strata. 

In some cases whole rocks are literally composed 
of zoophytes, so as to resemble a modern coral reef, 
or of shells of many kinds. The extensive strata of 
coal are derived entirely from immense accumula- 
tions of vegetables, and sometimes no less than fifty 
consecutively deposited strata of (his kind extend 
over a hundred square miles and more. 

Strata which contain certain tribes of organic re- 
mains alternate with others which inclose none, or 
quite different races. Strata full of marine txuviie are 
separated by others full of trees swept down from the 
land; and thus weare furnished withcvidence of inter- 
milting activity among the agents of ancient nature. 

24. It seems unnecessary to accumulate more evi- 
dence in order to obtain an unanimous verdict from 
every impartial reader that the length of time occu- 
pied in the production of the strata, some miles in 
thickness, which exhibit all this variety of events, 
was really very great. Whether it may hereafter be 
ibtmd susceptible of some rude approximation will 
depend upon the knowledge we may be able to gain 
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of the rate of stratification and consolidation, and of 
ihe length of life of organic fossils. Is this expecta- 
tion wholly chimeTJcal? 

CHANGES OF CLIMATE. 

55. There is reason to believe that during the long 
periods (54.) expended in the production of the whole 
great series of stratified rocks (19,), and in the eleva- 
tion of these out of the sea, the local temperature and 
other circumstances which influence the growth of 
plants and animals, both on the land and in the sea. 
were subject to remarkable changes. In this branch 
of the subject, the progress made of late years in 
philosophical botany and zoology is found of gresi 
importance. Without some fixed notions of the de- 
pendence of organic forms upon the influence of 
temperature, moisture, and other conditions, — with" 
out some clear proofs of the geographical limitation I 
the existence of species in a natural state, accord! 
to definable circumstances, it would be impossible ' 
come to any conclusion respecti 
Besides this, it is necessary for a good argument 
this subject that the fossil orgar 
we found it should be very carefully compared wtt 
existing tribes, and their several degrees of analog 
or diHeience noted. It is evident that any cooclu* 
f^ions as to the character of ancient climate drann 
from comparison of fossil plants and animals witli 
those which now inhabit particular regions of tbc 
earth, will be more or less binding as the analogies 
obtained are more or less exact and numerous. 

5Q. In the existing system of nature the forms of 
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life become more numerous toward the equator, and 
vanish altogether toward either pole. Thus, Hum- 
boldt counts 4000 species only in temperate America, 
and 13,000 in tropital America; ISOO in temperate 
Asia, and 4500 in equinoctial Asia. In some na- 
tural groups of plants, aa, for instance, ferns, ihe 
species grow to the greatest magnitude in warm re- 
gions, and dwindle to the smallest size in colder 
countries. These instances serve to point out the 
principle of the investigation of dependence of or- 
ganic life upon temperature. The results obtained 
by this process apply accurately to the sea a! small 
depths, and to the land at small elevathns. In the 
gulfs of the ocean, and on elevated mountains, va- 
riations of temperature obtain, which require to be 
allowed for. Thus, in mountainous regions, the 
mean temperature of the air diminishes at the rate 
of about 1° Fahr. for 100 yards' elevation ; and the 
flora of the mountain-slopes varies in a correspond- 
ing manner, so that the plants collected from the 
base of the Alps differ in a nearly constant manner 
from those at moderate heights. At the greatest 
heights, where the cold is severe, the plants resemble 
those which in the northern regions flourish near the 
level of the sea. 

57. The relation of bulkand temperature in water 
ia of a remarkable kind. At a temperature a little 
below 40° Fahr., fresh water ia in the highest State of 
condensation (under the ordinary pres»iure of the at- 
mosphere) ; and therefore in all cases when the tem- 
perature of the surface of fresh water sinks to below 
40° Fahr., the particles >o cooled descend from the 
surface toward the bottom. If this process lie con> 
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tinucd till all the mass of mater is reduced to beloir 
40° Fahr., the surface may begin to freeze, which ii 
tlic caae with raost freshwater lakes ; but owing to 
the depth of others they never freeze. The case ia 
different with salt water, which continually grons 
more heavy as it is cooled, even to the freezing- 
point, which is several degrees below that of fresh 
water. The sea may be loolied upon as a great 
lake, which never freezes except in latitudes where 
the cold is so extreme as to overcome the downward 
tendency of the cooled surface-water, and convert it 
into ice, which, being specifically lighter, floats oo 
the surface. In all latitudes the hottest sea water 
remains at the surface, or tends to rise thereto. 

The greatest difference of temperature in the 
ocean, according to latitude, exists at tlie surface; 
the least difference in the deeper parts. We must 
therefore direct our inquiries, as to the influence of 
marine temperature upon organic life, to those plants 
and animals which constantly dwell near the surface 
of the water. 

58. The play of oceanic currents materially di- 
minishes the extremes of even its surface tempe* 
rature, so that the polar ocean is warmer, and the 
equatorial ocean is cooler, than the adjacent cond- 
nents. This uniformity of oceanic temperattire ii 
partially communicated to all the islands and shores . 
HI) as to constitute a distinct sort of climate, which u ' 
less subject to extremes either of heat or cold than 
that of the interior of continents, and is more uni-i 
Ibrmly charged with aqueous vapour. We have, 
llierefore the following scale of climates in relatioit 
Id latitude. 
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I Mountainous I 
Continental 

Equatorian I'i"o«l >Polar. 

Marine 
i Pelagian J 

In agreement with what was before observed, 
we need not take into account the animals and plants 
of the pelagian or deep sea, or those which dwell on 
the mountains of very cold countries. Of the other 
climates, we may investigate some of (he charac- 
teristic organic forms very simply, 

59, First, of terrestrial climate as indicated by 
plants. Humboldt and other scientific voyagers pre- 
sent us mith landscapes of the tropical regions, in 
which the magnificent Palms, the princes of the forest, 
are surrounded by Bananas, Cycadea;, arborescent 
Ferns, Bambusiace^, Equisetacei^, Lycopodiaceie, 
Cacti, Euphorhi^, and MimosEC. To enjoy the splen- 
did aspect of the tropical plants in the colder zones, 
we must imitate the tropical climates by hot stoves, 
ted parts of the tropical continents, which 
late comparable to tliat of northern lati- 
r Cypresses, Pines, and Oaks. It is along 
the moist shores, and on the small islands of the 
warm zones of the earth, that arborescent Ferns, and 
Cycadeae, and Equisetaceae grow in the greatest abun- 
dance, so that in these situations they farm a very 
large proportion, even to half the total number of 
plants. In the drier interior of the continents, on 
the contrary, arborescent Ferns are less abundant ; 
but Palms, and especially the succulent Cacti, form 
the characteristic vegetation. If we suppose that 



In the eleva 
have a clin 



or CLIMATE. 



1 



by any means the plants of an ancient tropical region 
of varied surface were buried under marine sedi- 
ments, and by subsequent revolutions affecting that 
part of the globe these altered reliqoise were laid 
dry and exposed for examination, the ancient cha- 
racter of the climate when and where these plants 
grew could be satisfactorily inferred, provided that in 
the actual system of nature plants of analogous tribes 
were found really limited in their situation by cii- 
cuQisCances depending on climate. Now this is 
precisely what happens in the case of fossil plants : 
for the most abundant and characteristic forma of 
ancient vegetation are Ferns, some of them arbore- 
scent, Lycopodiaceo;, EquisetaecEe,CycadeEe, Palms, 
and Caeteacefe. With these, or in separate layers, 
occur coniferous trees, and other plants, apparently 
indicative of cold regions or elevated land. Upon 
the whole, it seems the most probable inference, that 
the abundant vegetation of our coal strata was the 
produce of a tropical region, varied with plains, and 
shores, and mountain sides. The stale of conserva- 
tion of the plants, covered with leaves and in a state 
of considerable perfection, seems to prove that they 
have not been washed to a great distance ; if so, the 
places where they are huried had the same sort at. 
climate as warm regions of the earth in its 
state.* 

60, If this conclusion be sound, it will be diffico 

* If llie river rolled as far as the Miasiaaippi, cold regions 
hot might equally yield reliquis lo a basin which should be ll 

ried. Ciirrenls of Ihe Atlantic bring tropic limber lo Ireluijfl 
ind Iceland. 



la a.void believing that the same narmth of climate 
was felt at the sHme time in those piirCs of the globe 
where now are New Holland, Greenland, Norlh Ame- 
rica, and Europe ; for in all these countries, plants 
belonging to the same or very analogous species lie 
in a deposit of the same geological anCiquity^ — the 
carboniferous system. Humboldt long ago ex- 
pressed the necessary consequence of this pervading 
liigh temperature, by saying, that in this condition of 
the world there was properly no peculiarity of cli- 
mate, but a general superficial warmth, depending on 
the then greater or nearer influence of the interior 
heat. 

Gl. In the existing ccconomy of nature, terrestrial 
climate is supposed to be in a remarkable manner 
indicated by the races of vertebral and invertebra! 
animals ; but in the application of this principle a 
difficulty occurs, which is in a less degree also expe- 
rienced in geographical botany. Animals are limited 
in their distribution by other causes than climate ; 
they are localized between certain chains of moun- 
tains, certain breadths of deserts, and particular 
arms of the sea, and not unfrequently confined even 
to particular valleys and islands. Moreover, the 
remains of terrestrial animals are scarce in the earth; 
and it is perhaps only by a comparison of the forms 
of reptiles that any trustworthy results can be de- 
rived concerning the climate of the land in the 
northern zones of the world during any part of the 
period of stratification. Even here the conclusion is 
not very applicable to the land, because most of the 
fossil reptiles were marine. While, however, the ich- 
^K^osaurus and pies iosaur us might be littoral, and the 
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crocodiles were probably estuary and river anim 
the megalosaurus and ii^uanodon might live along 
margins of priiDfeval lakes; and from the whole 
of these gigantic beings, compared with the pres 
saurians and other reptiles, we may be ivell justil 
in inferring, that as all large reptile forms ar 
peculiar to the warm regions of the globe, so it most' 
probably was in the older time. 

62. Tlie geographical existence of zoophytic ani- 
mals is subjected, in a very decided manner, to the' 
influence of warmth at small depths in the oceaiii , 
and tlierefore (44.) these will furnish the best poK^* 
sible evidence for ihe temperature of the ancient sea^ 
If we confine our attention to the polypiferous and 
spongiform zoophyta, we shall find that the stoDjr 
corals generally, including the madrepores, mille- 
pores, and tubipores of old writers, belong to warm 
seas, as the West Indies, East Indies, the South Pacific, 
Red Sea, Mediterranean, &c., and hardly appear 
abundant in any part of the ocean beyond the 33rd 
parallel of latitude (except along the south-east 
coast of Australia). The older calcareous strata are 
so full of remains of stony corals, that tlicyhave been 
considered by most geologists as coral reefs, analo- 
gous to those which, in shallow parts of the seas, 
grow up, like the Bermudas, a mingled mass of (»rBl, 
shells, and calcareous mud derived from the commi- 
nution of these materials in the currents of the sea. 

The corticiferous corallines, like Gorgonia, Isis, &c,, 
appear equally determined in their general distribu- 
tion to the warm shores of the sea, but their number 
in a fossil state is too inconsiderable to serve as the 
basis of analogical reasoning. 
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The celluliferous corallines, like Flustra, Sertularia, 
and Cellaiia, appear, on the contrary, most abundant 
in the temperate and colder zones as far north as 
60" ; hut they are of comparatively rare occurrence 
in a fossil state. Sponges give us some curious re- 
sults. These half-anitnalizcd beings contain, in their 
durable parts, spiculas of calcareous or siliceous mat- 
ter, with more or less of a horny substance. In pro- 
portion as tlie horny matter increases in quantity, and 
ramifiea and anastomoses into network, the sponges 
are more flexible and more useful : those which con- 
sist principally of earthy fibres are too harsh for use. 
The horny sponges belong to warm seas, and espe- 
cially to southern seas, where, as on the shores of New 
Holland, they grow even in temperate latitudes. The 
ailidous and calcareous sponges are plentiful along 
the coasts of Great Britain, even to the northern 
parts. Fossil sponges are much more analogous to 
the horny than to the earthy kinds. 

63. There would be Utile advantage in extending 
this investigation to the Mollusca, Crustacea, or fishes 
which dwell in the sea; because these animals in- 
habit various depths in the water, sometimes migrate 
periodically to the shores, and are not sufficiently 
characteristic of climate, except by analysis of the 
families too minute for our argument. 

64. We have thus found, after limiting our in- 
vestigations to such organic races as are eminently 
and in large groups characteristic of climate in the 
actual ceconomy of nature, and are also plentiful in a 
fossil state, clear indications (55. to 6S.) that the 
ancient climate on the land was such, over a great 
portion of the globe, as to nourish plants of tropical 
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formB ; that the water of the ocean in the same re- 
gions, at small depths, was of such temperature as 
to permit the growth of coral reefs, and the existence 
of large reptiles. And as these conclusions will not 
admit of explanation without calling in astronomJca] 
causes, which probahly have not acted, such as the 
displacement of the earth's 37[is, change of the earth's 
distance from the sun, &c. ; or, allowing that the 
superficial warmth of the earth was nearly inde- 
pendent of the solar rays, and regulated by the com- 
munication of heat from within ; in agreement with 
inferences from other considerations(ia.), we cannot 
hesitate to adopt the latter alternative, and to view 
the globe as now cooled at the surface, owing to the 
accumulation of nonconducting solid rocks over an 
ignited nucleus, and governed in its temperature by 
the external influence of the sun. 
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Go. Were one who was completely ignorant of 
geological science required to consider the question 
whether this globe had been tenanted in some ancient 
periods by races of animals and plants different from 
those which now inhabit it, he would perhaps be sur- 
prised at the novelty of the idea, but would find 
himself unable to answer. History, it is evident, can 
tell us nothing of those times wliich preceded the 
existence of man : there is nothing in the MosueJ 
records of the creation of man, and the present for; 
of organic life, which in any manner defines 
lier condition of the globe, further than by aJBm 
that it was formerly in a different state, especially M 
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to its enrichment with living beings, from that nhich 
it exhibits to us at present. This latter consideration 
is too tittle present to the minds of many sincere 
readers of the Bible ; and, in consequence, a very im- 
Iiappy conflict lias been sometimes witnessed between 
those results of geology which relate to periods left 
wholly undefined in the Scriptural narrative, and the 
successive works of creation which are in that nar- 
rative distinctly marked. If we merely take the first 
verse of Genesis as affirming the eternal superin- 
tendence of God over all the prior conditions of the 
world, until he saw fit to give it its present character 
and to create its present races of man, animals, and 
plants, and compare this with geological inferences 
relating to periods anterior to man, we shall find two 
conclusions inevitable ; first, that there is no word 
in the Scriptural narrative which limits in any way the 
inferences, or even the speculations of geology, with 
reference to these periods ; secondly, that nothing 
can ever be leained about those periods by human 
labour, except in the way of geological induction. 
This is sufficient for the purpose of the present in- 
quiry, which relates to races of animals and plants, 
not only anterior to man, but even to the elevation 
of most parts of our continents from beneath the 
waters of the ocean, 

G6. Recurring to the observations concerning the 
lapse of time (50. 54.) which took place during the 
formation of the stratified crust of the globe, we shall 
be prepared to enter on a more extended inquiry 
concerning the races of animals and plants than was 
necessary in a former section (22.). 

The nnmber of species of plants and animals at 
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present in existence is not knonn even nearly to ac- 
curacy, but the foHoKing estimate may perhaps be 
accepted as affording a useiiil Dotion of ihe relatiut 
proportiuns. The numeiica] stateTnents of organic 
remains actually knonn are chiefly taken from the 
Encyclopedia MetropoUlana (Art. Geology ). All 
organic remains found only in gravel, caverns, &e., 
are excluded. 

Liumg. FotsiL 
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l>7. The actual system of organic beings is ad- 
justed to terrestrial and aquatic life; and of aquaUc 
animals, some live in the sea, others in fresh water. 
The following Table gives a comparative estimate of 
recent and fossil plants and animals according lo 
these conditions : 

Recent. Fociil. 

TemitrUi.— Plant? 59,000+ 500 

Mollmcft... eO0+ 50 

ArticulasB.. 106,000-1- 200 

Reptilei ... ],BDO 10 

Birdi 5,000 10 

Mrnninalia. 1,100 ? 

175,500 770 

2.30 to 1 



— Planls lOO „ 

Zimphyla., 10 

Moltusca... 400+ - 

ArCiculara.. 2,500-|- . 

Fithei 900 . 

Reptiles ... 100 . 



— Planis 1,000 . 

ZoophyU.. 1,050-)' .. 
Molliiscii... 5,01)0 . 



Reptiles ... 100 10 

12,750 5,803 

22 lo 10 

From these comparisona it is immedialely evident 
that hy far the larger relative proportion of fossil or- 
ganic remains belongs to the marine division, that the 
fewest of all are the terrestrial races. This might have 
been foreseen, for as we are looking upon tlie bed of 
the ancient sea, we ought to expe(;t marine remains 
abundant, and terrestrial reliquiEe very rare. At 
the present day, only a very small proportion of 
animals and plants, inhabitants of the land, is carried 
down to the sea, or even deposited in freshwater 

68. It has not been found necessary, in discussing 
the history of fossil plants and animals, to constitute 
a single new class ; (hey all fall naturally into the 
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fi>M3 Polypora and Raosria; WN^ Mt^osca occur 
all the divinooa of Condnfrn, Gasieropoda, Ftero- 
poda, and Cephalopoda ; among Articnlosa we find 
Cnutacea, Iiuecta, Atmoloaa, &c; and amcHig verte- 
bral animals, fubes, repdles, birds, mammalia. MoTe- 
over, on analysing these daaaea, and compaitng the 
aubdivisioRi, families, and genera, ne find verj ofien, 
specially in the marine tribes, that the same cba- 
racteni will apply equally well to both the recent and 
fbaail race*. Thus, among conchiferous mollusca <ne 
have both recent and fossil shells with two lateral 
muicles (Plagymyona), shells with one (principal) 
anbcentral muscle (Mesomyona), and sheUs of a par- 
ticular and still different construction (Brachiopoda], 
Again, in I'lagymyona, some have a polyodontal hinge 
(Area, &c.), others striated hinge teeth (Trigonia), 
•ome large tjgamental teeth ( Mya) ; some gape at tbe 
ends (Lutraria) ; some bore holes inrocks(Pho1as,Li- 
tfaodomua), Sec. All these and many more charac- 
teristic forma and habits occur in both recent 3nd_ 
foHil thells. Now as these divisions are all founded 
u|ion important points of structure, we are warrantn 
in concluding that the older organic creations v 
formed upon the same general plan as at presenfiS 
TliL-y cannot, therefore, be correctly described ; 
tiroly different systems of nature, but should i 
bo viewed as corresponding systems composed ( 
different dulaih. 
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The difiFerence of these details arises mostly from 
minute specific distinctions ; but Boraetitnea, espe- 
cially among terrestrial plants, certain Crustacea, and 
reptiles, the differences are of a more general nature, 
and it is not possible to refer the fossil tribes to any 
known recent genus, or evea family. Thus we find 
the problem of the resemblance of recent and fossil 
organic beings to resolve itself into a general analogy 
of system, frequent agreement in important points, but 
almost universal distinction of minute organization. 
Of 7000 fossil species tiibulated above, not more 
than two or three hundreds are identical with living 
species. Of above GOO gcr.era which include those 
species, more than half are peculiar to the fossil 



GEOLOGICAL DISTRIBUTION OF ORGANIC 
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69. Remembering (35.) that each set of stratified 
rocks was successively the bed of the sea, and that 
the organic exuvife which lie ia these rocks are those 
of animals then living in the sea, we shall be able to 
compare the organic beings of the several periods of 
the stratification of the earth's crust, with each other 
as well as with existing tribes. The series of strata, 
taken in general terms (19.), maybe conveniently ar- 
ranged in six groups or systems, as under, begitming 
with tlie least ancient. 






Teriiary ayalem. 


SsliferouB sysLen 


Cretaceous aystem. 




Oolitic ijriteni. 


Primary lyateni 
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We shall first consider the numerical relations of 1 
the organic fossils which have been found in these 
several groups in various parts of the world ; and, 
for the sake of perspicuity, separate the marine from 
he fluviatile and terrestrial reliquiae. 
70. The first Table relates to marine tribes. 
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This Table shows, in a very striking nianner, ttri 
fact of the far greater abundance of marine organi 
ficuviEE in the newer than in the older strata, an 
seems to add a strong argument in favour of the (A 
opinion, that the lowest of all the primary strata we 
formed in a period when the ocean was devoid < 
living beings. If this conclusion be correct, the at 
chives of nature are almost completely preserved t 
us, and the history of fossils is that of nearly di 
whole series of living beings which have suceessivel, 

71. Let us now turn our attention to the teires 
trial reliquiae, which are lesa abundantly diffosa 
ihrough the same systems of strata. We shall coi 



fine ourselves to plants of undoubtedly terrestrial and. 
lacustrine origin. 
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For variooa reasons, we cannot venture to draw 
any inferences from these data as to the relative 
numbers of plants reaUy existing on the land during 
these periods. The prineipal difficulty arises from 
the obvious fact that the occurrence of terrestrial 
reliquiae at all in the marine deposits is accidental. 

72. We may now advance to another view of the 
subject of the distribution of organic remainti in the 
earth. We may inquire whether the fossils which 
occur in all these great systems of strata, and 
which differ more or leas completely from existing 
forms, be indefinitely distributed through the differ- 
ent groups of strata, or wliether the series of fossils 
in each system of strata be distinguishable from 
those in the other systems. To this the reply is 
short and decisive. Wherever examined, the seve- 
ral systems of strata above en>jmerated contain 
wholly distinct suites of organic remains, by which, 
in every limited district hitherto explored, they may 
he respectively characterized. As the fossils are di- 
stinguishable from recent beings, for the most part 
by minute differences of organization, but sometimes 
by whole genera and families, so the several systenss 
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of fossils locally observed differ from one another in 
the aame manner. The primary strata, for instance, 
may be diBtinguished from the carboniferous system 
by minute yet clear distinctions in the several species 
of shells belonging to the same genera of Orthocerat, 
Producta, Spirifera, &c. ; from the saliferous system, 
by the absence in this latter of Trilobitea, Ortho- 
cerata, and whole groups of corab ; and from the 
oolitic system, by tbe presence of new forms of Am- 
monites, Gryphss, Trigoniee, PholadomyEe, &c 

73. On this subject, two propositions may be 
adopted : first. The amount of the differences ob- 
servable between the fossils of any two syGtems of 
strata is greatest in those systems which are the fur- 
thest removed, as, for instance, between the primary 
and the tertiary systems ; secondly. The amount of 
the differences observable between the fossils of any 
system of strata and those at present in existence 
is greatest in the oldest system of strata, and least in 
the newest. Thus,onpIacing together primary fossils 
and recent shells or Zoopliyta, tlie difference is strik- 
ing and total; hut on comparing tertiary and living 
forms, it is the resemblance wliich arrests our atten- 
tion. In one case we see at a glance the most obviout 
and complete discordance ; 
careful scrutiny to assure ou 
identical. Viewed in 
and fossil world of existence, i 
inferior, and especially marin< 
almost united into 
derived from the s. 
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because tliese conditions were made to change. 
What a lofty view of the superintending care and 
providence of God through all periods of past time 
is thus opened to our minds! How heedless of plain 
truths must they be who can ever disconnect geo- 
logical inquiries from reverential thoughts of the 
divine Lawgiver of Nature ! 

74. The conclusions above stated as to the entire 
distinctness of the organic remains in the several 
systems of strata apply witli certainty to every 
limited region ; that is to say, in whatever part of 
the world primary, carhoniferous, saliferous, oolitic, 
cretaceous, and tertiary systems have yet been seen 
toa;ether, the fossils which they respectively contain 
are different from one another. In every country 
yet examined it is locally true that the systems of 
strata of different age contain distinct races of or- 
ganic remains. But inquiries of equal importance 
now present themselves. Do strata of the same age 
uniformly contain fossils of the same species ? Do 
they contain fossils of analogous species ? Or are the 
fossils which any rocks contain merely of local oc- 
currence, so that in distant parts of the world strata 
of the same age contain wholly different organic 

This is a mere question of fact : it must not 
be answered by reasoning upon existing pheenomena, 
or by hasty generalization from limited data. On 
this subject we have yet much to learn : the follow- 
ing, however, are ascertained truths. 

75. The same groups of fossils which are in a 
very eminent degree characteristic of certain systems 
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(7S.) in one country, are also found under llie si 
relalions to ihuse systems, not only in adjacent, but 
in far removed tracts, soinetinies even to the di- 
stance of thousands of miles. Thus, for example, o( 
tlie eKtiQCt crustaceous nnlmalu trailed Trilobitca, 
far greater portion found in England belnng to 
primary strata; they also appertain in the s 
nearly exclusive manner to the same system of st 
through Norway, Russia, the l-larz, Britantiy, &e. 
They also characterize the primary system of North 
America. 

Again, the extinct plants called Lepidodendra cbft' 
ractcrize almost absolutely as a group the coal strata 
nf Great Britain : they have exactly the same relar* 
tions to the coal of France, Belgium, Silesia, and 
North America. 

Certain groups of Ammonites belong exclnaivelif 
in the oolitic system of England : ihey are equal}y> 
characteristic of tiiia system in France and Germany, 
and came to us from the Himalayan mountains asso- 
cialed with other oolitic fossils. 

Peculiar forms of Echini mark the cretaceous strati 
i)f England, and tiie same occur in France, Poland, 
and along the shores of the Baltic. 

WJiole families of shells, such as Volutes, Cones, 
Cerithia, Sec., may be viewed as distinguishing the 
tertiary strata from those below them, in all parts of 
the world. 

76. Instances are known of certain peculiar spe- 
licM of fossils occurring in the same series of 
Htrata in almost every region where those strata are 
known. Tliua, the Dudley Tritobite (Calyment Bbt' 
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menbackii) is found in Shropshire and Herefordshire, 
and in Gloucestershire ; it also occurs in Norway, 
in the Eifel, and in North America, but only in the 
same part of the primary series of strata. Calamiles 
Sac/covii occurs in the English coal-fields, and in 
those of Liege, Anzin, and Pennsylvania and Vir. 
ginia, but not in any deposit of different age. 

The general aspect and character of series of 
fossils derived from the same system of strata in very 
distant quarters of the globe is often extremely 
similar : very generally the same characteristic forms 
are repeated at all points in the ranges of the same 
strata ; but there are also local diiferences always 
observable, which become the more considerable and 
obvious the greater the distance between the lo- 
calities. 

77. From all these considerations, we may con- 
clude satisfactorily that the organic remains found in 
any one system of strata are of the same general 
character wherever those strata occur ; that many 
local distinctions derived from organic remains be- 
tween successive systems of strata disappear when 
the facts are viewed on a great scale ; but that, as far 
as our experience at present goes, each system of 
strata may be identified through its whole course, 
and discriminated from the older and more recent 
systems, by a judicious examination of a sufficient 
number of its organic contents. It is thus made evi- 
dent that there have been many races of marine 
animals and terrestrial plants which have been suc- 
cessively called into existence in the same regions of 
die globe to suit its altered condition, and we may 
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be well assured that these successions of orgatiiefl 
beings, well understood, will afTord a secure a 
changeable scale of geological chronology. What th»4 
periods are which this scale of successive en 
indicates, we may perliaps never know. There a J 
but one mode of approximation to even a plausible J 
estimate of these periods-^a knowledge of the ]engtl|l 
of life of the different sorts of marine animals. 
this mode should be found impracticable, we feu's 
the problem must be despaired of. 

78, It would be impossible, even if it were auiU f 
able to the object, to give in an elementary work '] 
anything like an extended exemplilication of the 
principles above announced. Fortunately, however, 
some illustrations can be presented in a tabular tbrm, 
which will sufficiently evince the truth of these view». 
If wc put in one table some of those genera whiehi. 
in the present system of nature are most rich in spe* i 
cies, and in another those which wore most prolific 
in forms in the older periods, we shall see very clearl]^ 
what analogy or difference may exist. Also, by si 
lecting other genera and families, we may shon; 
through what ranges of strata, that is to say, tbrougtt 
what geological periods, they existed, and at whal 
periods they were most numerous. Thus, Trilobit^ 
existed during the primary and carboniferous epochSii 
but are never known in the more recent strata, noi 
do they exist at present ; Froductfe pass througl 
the primary and carboniferous epochs, and end ii 
the saliferous ; Spiriferse pass through all theM 
epochs, and end in the oolites ; Ammonites paM 
through all these periods, and end in the chalk } 



Terebratula lias existed thiougli all these periods, and 
also through tlie tertiary system, and is still in ex- 
istence. On tlie other hand, certain tribes began to 
exist at later periods, as the Belemnite, many genera 
of Echini, &-C., and ended their races before the dawn 
of the tertiary period. This will serve to render in- 
telligible the following Tables. 



79. Table I. Genera containing many liting species, 
(Gasteropoda). 
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The numbers of living species and those of tbe 

fossil species in tertiary strata are taken from Des* 
hayes(Lyell, 1st edition, vol, iii.) ; those in the other 
systems of strata, from the Encyclopcedia Melropo- 
litana, (Art. Geoloov.) In this Table, the strong 
analogy of the tertiary and living Fauna, and their di- 
stinctness from all those of earlier date, are very 
decided. 
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80. Table II. Genera containivg many fossil speder.J 
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the duration of existence of certain genera ; the 
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In the above Table we have followed the ubii^ 


nomenclature, and considered the Ammonites ai M 


genus. The next gives the geological distributiQlH 


of the several sections of Ammonites. 1 



SIBTKIBUTION OF F08BIIH. 

82. Table IV. Subgenera of Ammonites. 
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It is easy to see how important, ia questions con- 
cerniaj^ the relative antiquity of stratified rocks, is a 
knowledge of Aminonites, since whole sections of 
them ore characteristic of certain systems of rocks. 

83. The last Tahle will show that particular spe- 
cies of fossils are gener.illy confined to one system 
of strata. The stars indicate in what strata the spe- 
cies named occur. 

Table V. Species of Shells, Corals, fc. 
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7fj CONSTITUl 

augitic greenstone, augitic basalt, nielaphyre, 

lava ; also in primary limestone. 
Hyperttkene. Crystallized with felspar in hyper- 

Bthene rock, hyperstheDic syenite, hypersthenic 

granite, liypersthenii; greenstoQe, 
Diallage. Crystallized with feispar in gabbro or 

diallage rock ; obscurely crystallized, in aerpen- 

line ; fine-grained in serpentine. 
Schorl. Crystallized with quartz in the "cockle" 

rock of Cornwall. 
Chiastolite. Crystallized in the clay slate of Cum- 
berland, Spain, Ireland. 
Chlorite. Crystallized in veins, and granite ; amor' 

phous in chlori tic mica schists, and clay alates. 
Green Earth. Amorphous, pulverulent, or compact 

in amygdaloiiial porphyries, basalts and wackes. 
Talc. Crystallized in some granites. , Amorphous 

and earthy, in veins, talcose schists, and primary 

limestone. 
Steatite. Amorphous in serpentine, granite, city 

slate, and veins. 
Garnet. Crystallized in granite, gneiss, mica Bchist, 

clay slate, primary limestone; near trap dykes; 

Carbonate of Lime. Crystallized in veins, caviliei 
of calcareous rock^i, shells, primary limestone, 
and stalactites ; amorphous in limestone rocks ; 
concretionary in oolites ; fibrous In certain 
limestones, and shells ; nodular in amygdaloidal 
traps ; laminar in shells, and corals ; pulverulent 
in rock marls, chalk, &c. 

Carhonale of Magnesia, Crystallized in veins ; 
amorphous in certain clays ; combined with 
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carbonate of lime in dolomite, magnesiati lime- 

Salphale of Lime. Crystallized in clays ; fibrous, 
compact, pulverulent in gypsum. 

Muriate of Soda, Crystallized in rock salt; invi- 
sibly disseminated in most rocks ; in lava. 

Silumen. Concrete or liquid in certain limestone 
rocks, shells, and veins ; disseminated invisibly 
through the mass of many shales and limeaiones. 

Oxide of Iron. Crystallized in lava, syenite, liyper- 
sthene rock, and veins ; minutely disseminated in 
sandstones, clays, ironstones, ochre, &e. &c. 

Sulphuret of Iron, Crystallized in clay slates, pri- 
mary limestones, near trap dykes, in chalk, 
clays, argillaceous limestones ; in artificial pro- 
ducts, of aqueous and igneous origin. 

CLASSIFICATION OP ROCKS, 

S6. The following classifications of the stony and 
earthy deposits (often called indiscriminately by the 
term 'rocks,' for want of a better,) are founded upon 
the principles contained in a former portion of this 
treatise (23. to 30.). The first and leading distinc- 
tion is purely geological. Rocks are divided into 
Hydrogenous, or of watery origin ; and Pyrogenous, 
or originating from heat. Under the former head 
are placed, 1. AH aqueous deposits from streams, 
local and general Hoods, lakes, &c. ; 5, Those stra- 
tified rocks vrhich were produced under the sea. In 
this Utter division it has been necessary to include a 
few alternations of freshwater deposits. Under the 
head of pyrogenous rocks come, 1. The volcanic 
products ejected, in the state of ashes, into the air, oi 
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underwater; 3. Melted rooks, poured into the a) 
into water, or solidittcd in subterranean situations 
'J. Mineral veins, and other metallic deposits. 

CLisa I.— HYDROGENOUS DEPOSITS. 
Section 1. — Soperficial Ac c omul at ions. 

(Stn. JlluviaJ andDiluviatDepatUt at English AaUxoTi^ T,- 
rniHB AUmneTu, Li/sieni, C/jfoiisBs, Bioiign.) 

VALLEY SEDIMENTS. 

S7. In all valleys through which continuau' 
streams, or periodical or accidental inundations pass. 
the effects of their mechanical action remain more or 
less distinctly marked. The erosive power of the 
currents is conspicuous in all the steeper parts of the 
sloping valley, which, originating generally in i 
convulsive displacement of rocks, has received, in 
most cases, its peculiar character from the action of 
water. According to the nature of the rocks the 
features of the valley vary. Id all the lower parts 
of the valley, and especially towards the meeting of 
the freshes and the tide, the sediment brought down 
from the uplands is deposited in the now level sur- 
faces of the marshes and meadows, in floods, or on 
the bedof the river in the ordinary state of tlie wa- 
ters, or carried out to sea. 

In many cases the sedimentary deposits in valleys 
seem to have little relation to the actual stream. 
For instance, in the valley of the Rhine, between 
Strasburgh and Bingen, the deposit called loss it 
found at the height of some hundreds of feet above 
the river, and seems to have been a very extensive 
mass, through which, in some cases, the Rhine now 
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works its way. The remarkable terrace-heaps of 
gravel and sand at the mouth of Glen Roy, and along 
many other Highland and Cumbrian valleys, is a 
plifenoinenon apparently of a similar nature. It 
seems to prove that tliese valleys are of high geolo- 
gical antiquity, and that currents of water formerly 
passeddownthem, under different circumstances as lo 
level, outlet, and dynamical action, from the present. 

In some eases the action of rivers, ia accumulating 
sediment, is so regular as to permit the layers to be 
counted for terras of years. This is observed on the 
slopes of the Alps to depend on the periodical melt- 
ing of the snows. 

The organic remains in valley deposits are of such 
land animals and plants as, lying on the surface, were 
exposed to the inundation. Land shells are very 
abundant in the loss uf the Rhine valley; along 
the rivers of Yorkshire, hazel-nuts and trees, bones 
of stags, land and freshwater shells, &c. 

LACUSTRINE SEDrMENTS. 

8tj. Deposits are farmed in lakes from several 
causes : 1 . from the growth of shells ; 2. from springs 
g carbonate of lime ; 3. from mechanical ad- 
of sand and clay, and vegetable remains de- 
rived from inundations or rivers. Some of these 
may be of very high geological antiquity ; for we 
may believe lacustrine deposits to have been produced 
upon the land as soon as it was raised above the 
sea ; and this lias been shown (44. io.) to have hap- 
pened at many different periods. The riglit way of 
investigating their antiquity is to study and compare 
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tlie organic remains imbedded. Thus studied, ii 
found that ali the known mperficial lacustrine de- 
posits are posterior to the chalk, though many large 
iracts of land were elevated long before the produc- 
tion of that rock. In England they are nearly all 
subsequent to the elephantoidal aera. 

Mr. Lyell ha.s described the production of shell 
marl in Bakie Loch, Forfarshire, as depending on 
calcareous springs, and the growth of Limnese, Cy- 
clades, &c. It contains seeds of Chara, horns of 
stag, &c. Almost every trace of shells is sometiniH 
obliterated. Certain springs, especiaUy in the vol- 
canic regions of Italy and Auvergne, deposit in lakea 
a great quantity of carbonate of lime. (Geol, Trani., 
vol. ii., N.S.) The accumulation of fine clay in 
ponds and lakes may be universally observed. ] 
Yates (Edin. Phil. Journal) has described very 
faithfiilty the inclined laminae of pebbles and sand 
swept into the lake of Geneva by the stormy wai 
of the Rhine. In some lakes all these processes go 
on simultaneously. 

It is not easy to point out the real or even the rela- 
tive antiquity of the various lacustrine deposits not 
associated with marine deposits now knovm to geolo- 
gists. The following attempt is offered with mucB 
hesitation. The most recent are placed at the top. 

1. Nowinprogress inmany lakes. Italy ; Scotland. 

3. Old lakes, nearly contemporaneous with sub- 
marine forests. Holderness; Berwickshire. 

3. Lakes of the elephantoidal aera. Weighton, 
in Yorkshire; Gmiind?; Oeuingen? 

4. Lakes of the Pal^otherlan period ; lakes of the 
Cantal, &c. 
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TURF MOORS, SUBMARINE FORESTS, Sic. 

89. In moat cases the submarine forests, as they 
are termed, lie along the course and near the mouths 
of great rivers, and are often, perhaps geoerally, at 
a level between high- and low-water mark, and in a 
situation where the river sediment, or silt from the 
tide, haa patliolly covered them. Along the York- 
shire rivers the trees lie generally in a tnass of vege- 
table remains called turf, which occurs at all levels, 
from about high* water mark to a depth of SO or more 
feet beneath it. Tliis surprising speciacle of ancient 
oaks and firs buried in the earth, in situations where 
they could not now be made to vegetate, except by 
the aid of artillcial drainage, has not often been care- 
ftilly described by geological eye-witnesses, and the 
workmen commonly give but a very confused ac- 
count of what they have seen. It is by no means 
certain that in all instances the trees grew where they 
now appear ; the geological ajra of their growth is 
sometimes extremely dubious ; the ancient condi- 
tion of the drainage of this country, in relation to 
the tide-opening of the estuary, is seldom ascertain- 
able : for these reasons the subject is yet in some 
obscurity. 

In one case, near the Humber, the phajnomena 
are not irreeoncileable with a probable view of the 
ancient state of drainage of Yorkshire, without any 
intervention of subterranean movements : how far 
this mode of explanation will apply to other cases, 
may be a subject of further inquiry. In the mean 
time we may perhaps believe, from the occurrence 
of peat-beda in the old lakes on the Yorkshire 



coast, from the certainty of the drifting of peal a 
timber in cither parts, and from the great analog} 
of the vegetable deposits, that some very general 1 
agency was concerned in the prostration and inhu- 
mation, anJ pcrhiips drifting, of the trees, whether 
accompanied by a change of level or not. The trees 
are oak, bitch, fir, hazel, alder, yew, &c. With them 
lie acorns, fir-cones, hazel-nuts, bones of horse, ox, 
stag, fallow deer, sheep, &c. 



CLTSMIC OR DILUVIAL ACCUMULATIONS. 

(SrM. Dilaviam. Terrain de Tranapart. Boutdert, (tc.) 

&0. It is a general fact, that the above-ment 
valley and lake deposits, and buried forests, 
upon more ancient water-moved gravel, sand, boul- 
ders, and clay, such as are generally termed diluvial 
deposits. This term was adopted by modem geo- 
logists {Smith, Buckland,) to express the inference, 
that the phsenoraena in question were due ti 
tensive deluge, or succession of analogous 
sweeping over the dry land after the completion 
the stratified rocks ; and it was the more readily 
ceived, because it seemed to offer a satisfactory co- 
incidence with the Noachian or historical deluge. 
On this point it will be proper to use a more guarded 
logic than was thought necessary twenty years ago. 
If it should be generally admitted by theologians 
that the Noachian Hood, though general with respeci 
to the limited area over which the early races 
raaukind bad spread, was not an universal Ae\\ 
some one of the repeated geological deluges, whii 
could not be universal, though some of them tvert^ 
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very extensive, may perhaps be successfully com- 
pared with that event. At present tiie use of the 
term diluvial is to be justified only on the ground of 
its fitness and utility. It is not the presence of any 
particular earthy materials, such as boulders, gravel, 
&c., but the mode of their geographical distribution, 
and the occurrence in them of the remains of certain 
tribes of extinct Mammalia, which dcflne the dilu- 
vial products. The relation of the deposits to the 
physical geography of any region marks the condi- 
tion of the watery action concerned; and the anato- 
mical history of the organic remains determines the 
relative date of the diluvial operations. 

91. When deposits, like those of the diluvial sera, 
lie in valleys, we ought to examine carefully before 
deciding as to their origin ; but when over wide 
plaiufi, on bill slopes, and on ranges of high ground 
we find a collection of rock fragments, and rolled 
but not river gravel — materials unknown in silu in 
tlie vicinity, — in situations to which no existing 
streams could carry them, — where no imagined lakes 
could leave them,— -where, by no conceivable com- 
bination of conditions, consistent with the geological 
history of tbe country, either ancient streams or 
lakes could transport them, we are compelled to infer 
that some other agency has been employed. This 
was the course of reasoning applied by Smith forty 
years ago to some facts near Bath, and soon gene- 
ralized by his extensive researches in England ; hy 
Buckland, Conybeare, and Sedgwick, to a large class 
of impressive phienomena in the North of England, 
in the midland counties, and in the valley of the 
Thames ; by Saussure and De Luc, to the scattered 
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blocks of the Alps ; by Brongniart and olhen to 
the travelled boulders of the North of Gennanj. A 
case ia the North of England appears decisive of ihe 
tniih of the priociple. 

92. The accompanying section {6g. 8.) is intended 
to show the nature of the country along a line E.S.E. 
from Shap Fell in Cumberland, to Flamborough 
Head in Yorkshire, a distance, in a straight line, of 
107^ miles; but by this rather bending course, of 
110 miles. Shap Fells, elevated about 1500 feet 
above the sea, consist of porphyriiic graniie, < 
loped in schistose rocks. The slope from these fells, 
eastivard, is soon stopped by a bold escarpment of 
the lower mountain limestone series, which risi 
about 800 feet in height, and slopes eastward under 
the flat narrow valley of the Eden, running N.N.W 
which is full of red sandstone, at the bottom of 
which are certain conglomerate beds. Immediately 
above, on the east, is an escarpment of the same 
lower mountain limestone, tlirown up to a great 
lieight, and surmounted by other rocks of the same 
formation to an attitude, in Cross Fell, of 3901 feet; 
in Shunnor Fell, of 2329 feet; Water Crag, 2186 
feet ; &c. The lowest part of this ridge, winch opetu 
directly to the west, is the Pass of Stainmoor, which 
is about level with Shap Fells : from hence the slope 
is almost uniform to the Vale of York, which run* 
north and south. Beyond rises the oolitic ridge of 
the eastern moorlands 300 to 148J feet; then 
follows the Vale of Pickering, 100 feet above the 
sea ; and the section crosses over the chalk wolds 
200 lo 800 feet, and ends at Flamborough Headi 
ISO feet above the sea. 
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It is found ibat blocks of the Shap granite have 
travelled down the slope of their native roouniains, 
over the limestone ridge of Orton, across the Vale of 
Eden, over the limestone ridge of Stainmoor, down 
and athwart the whole Vale of York, over the oolitic 
ridge, — not at the highest points, — and over the 
chalk hills to Flamborough Head. 

The Valley of the Eden is an ancient submarine 
valley, defined by the ancient elevations of the lime- 
stone and slate on either side ; the Vale of York has 
served for the passage of vast bodies of water, which 
have removed much of its stratified red sandstone, 
30 that the physical features of the country were 
much the same during the transport of the blocks as 
at present. 

93. The difficulty of distinguishing between dilu- 
vial and old alluvial accumulations may, in general, 
be removed by attention to these paints; 1st. The 
rock fragments, or boulders, and smaller masses in 
diluvial deposits have been generally removed great 
distances, so that often no rocks of the same kind 
occur in the drainage of the district, and in directions 
different from those of existing streams. 2nd. The 
gravel of these deposits is generally somewhat differ- 
ent in its aspect and manner of attrition from that of 
old river courses ; it often lies in clay. 3rd. Bones 
of elephants, oxen, horses, deer, &c,, are not unfre- 
quently found in the gravel and clay. 

94. There is good geological evidence that the 
diluvial accumulations are not all contemporaneous — 

* For deUili on (his and many other iiiitancea, read Buck- 
land, Beliq. Diluv, ; Coryb. and Thill,, Geology of England, 
Eocyclop. Metrop.j Src. 



not all the result of one great current, but of cur- 
rents varying in force and direction, and transport- 
ing different materials — clay and pebbles, gravel and 
sand, in several alternations. But there is sucb 
confortnity among the organic remains in these de- 
posits, that we are entitled to say (he diluvial depo 
sits mark (he termination of a certain geological 
period, defined by the existence, on the dry land, of 
certain, chiefly extinct, races of quadrupeds 

The most remarkable of (hese remains in En- 
gland are those of the mammoth, Elephas primi- 
genius, (several varieties, or perhaps species,) Iiip>^ 
popoCamus, rliinoceros, lion, hyaena, wolf, hon 
(large and small species), ox, nrus, Irish ell 
stag. 

CAVERN DEPOSITS, »c. 

(Sin. Catenes i ossemeas. Knockeahuhlen. Brdchei astuM 

SpallauiJUtlungen.) 

95. From various causes some of the caverns an 

fissures naturally existing in thick limestone rod 
have been partially filled by a mass of ma 
holding bones of the above-mentioned and o1 
races of animals. In some cases the animals 
conjectured to have entered the caves for the n 
purpose of dying in quiet (bear caves of FraD^ 
conia) ; into others, hyaenas have been the instrii-< 
ments of dragging the carcases of elephants, rhinix 
ceroses, deer, &c. (Kirkdale, Kent's Hole). Gr^ 
zing quadrupeds have fallen into others (Mendiji 
caves, the ossiferous fissures of Nice, Gibraltar* 
&c.); and currents of water have contributed 
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carry the bones into particular repositories, or to 
move tliem along the passages of a cave. The ex- 
tent of the earth's surface over tvliich ossiferous 
caves and fissures have been discovered is pro- 
digious. In the North and South of England, in 
Ireland, South and South-east of France, the Ar- 
dennes, the Harz, Franconia, Wirtemburg, Switzer- 
land, and along the Mediterranean shores and 
islands, are the most remarkable localities in Europe. 
Bone-caves occur in India, North America, South 
America, and Australia. 

Upon the whole the animal remains are analogous 
in all these situations ; but there is much local diver- 
sity. It is probable that they are nearly all of one 
geological period, and thai posterior to the Pal^- 
otherian a^ra. No doubt into a cave full of old 
and extinct quadrupeds, others in more modern 
times might enter, fall, or he driven to die ; and thus 
a mixture of existing and extinct races be occasioned. 
Still more probable is tlie event of man, in an early 
and uncivilized state, or in a slate of war and oppres- 
sion, occupying a cave formerly tenanted by wild 
beasts, and there leaving traces of human art. Ap- 
parently this is the right viewof mostof the cases of 
human remains found mixed among, or buried in, or 
lying upon the heaps of older bones. The caves in 
the South of France and in Belgium, where human 
remains and rude pottery occur, may perhaps be found 
to admit of this explanation ; but the matter is yet 
undecided. 

96. The following are characteristic animals of 
the cavern deposits : most of thera also occur in the 
diluvium of the same countries. 
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Wglf. 




Fox. 
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Uor». 


Fetii spElcs. 


Boar. 


Hare. 


Cemii raegaccros. 


Rabbit 


elapbua. 


Wata Bat. 




Bear. 
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elephantoidal genus Mtutodon, 
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in Europe, and in superficial 


Hedimentu in Amer 


ca and Ava, but not in caverns. 
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—Submarine Deposits. 


Subsection 1^ 


-Modern Accumdlatioms. 


CORAL REEFS, SHELL BEDS, &c | 


97. The growth 


'coral in the warm tropical waters, 1 


and along the Aus 


tralian shores, is one of the most | 


important agencies 


now at work in altering the face of 1 


the globe. Coral reefs are not foiraed at such enor- \ 


moua depths as w 




from submarine ra 


suntain ridges, from the peaks of ] 



□Id submarine volcanos, along the coasts, and around 
the islands. In these accumulations the lamellifer- 
ous corals bear tlie largest share ; but many shells, 
fragments of other coral, drifted sand, and all kinds 
of materials lodged in the reef are enveloped in its 
growing mass ; and thus islands of living rock slowly 
emerge from the middle of the ocean, gradually be- 
come heightened by the heaping up of the materials 
broken from their edges, or drifted by the sea, 
covered by trees, and inhabited by birds and a few 
other animals. The coral reefs of the Bi^rmudas are 
described as partly a mass of chalky or granular 
carbonate of lime, derived from comminuted and 
decomposed coral, and as taking a form depending 
partly on the currents of the sea. The elevation 
above the sea which some West Indian coral islands 
assume, is ascribed to volcanic action. We have 
already noticed the opinion, which is gradually gain- 
ing ground among geologists, that several of the 
limestone strata are locally to be regarded as magni- 
ficent coral reefs. (53.) 

In particular parts of the sea the currents drift 
shells and fishes' teeth, so as to make the seamen 
remark the fact in their soundings. This is analo- 
gous to many cases of the accumulation of shells and 
shelly fragments in particular pans of the ancient 
itrata. 

COAST SEDIMENTS. 

98. The materials brought into the sea by rivers, 
and obtained from the incessant wasting of cli&s, are 
Hot all carried down to the depths, but in a great 
restored to the land, where the coastward 



currents cease tbeir moremenls. This happens g& I 
nerally along some low shore, which only ju£t tv, 
above ihe gradually deepening waters, in soi 
locked bay or esiuary. The most rapid growths ol 
new land certainly adjoin, or are influenced by, the I 
mouths of great rivers ; but many considerable J 
tracts are only remotely dependent on such influe 
It is not so much by the mud which descends ■ 
the Ouse, the Dun, and the Trent, that the coast d 
Lincolnshire has been extended, as by the ma' 
brought from the ruined cliffs of Holderness ; n 
have the sluggish streams which meander th 
the fens of Cambridgeshire yielded that mj 
matter which, since the Roman sway in Britaii 
beea added to the coast, to the extent of miles, 
yond their line of embankment. The case i) 
ferent along the Adriatic shore, where the tor 
from the Alps bring such loads of sediment t 
promise the eventual conversion of all the northern" 
end of that sea into marsh land. The flatness df 
these foreshores corresponds with the degree of qui- 
escence of the water, and the laminae, which cover 
one another successively, are not quite horizontal. 
but form long inclined planes, sloping seaward. 

Storms, or varying circumstances, may produce » 
temporary derangement of the laminae, or spread 
layers of pebbles, or scatter shells over the surlacet. 
A variety of marine worms may leave their traces, ot 
marine reptiles the prints of their feet ; but gene- 
rally, remains of such animals, of shells, and plants, 
are very rare in marsh lands formed under shalloir 
waterBi In this manner we may conceive i 
sandstones of the old strata to have originated; and 



account for many of their peculiar appearances. The 
pebble beaches along some parts of the English 
coast may remind us of the appearance of some con- 
glomerates. 

SAND BANKS. 

99. The agitation of the ocean is so unequal, 
even on the same line of coast, that in some parts 
aand, in other parts fine clay, in others pebbles, are 
accumulated, according to the moving force of the 
water. Generally, the materials which fall from 
sea-clifTs ace sorted by the title : pebbles drop 
quickly near their original sites ; sand moves further ; 
fine clay is transported for leagues along the coast. 
The sand-banks along many parts of the coast are 
either stationary or moving, augmenting or decreas- 
ing, according to the circumstances of the oceanic 
currents. Along the east coast of England espe- 
cially, but everywhere more or less, the submarine 
sandbanks ace cut through by real channels, which 
would he perhaps not very improperly called tidal 
valleys. 

This fact is perhaps analogous to the well known 
irregularity of the extent and thickness of many of 
(be ancient stratified sandstones. 

Certain modern sandbanks are occupied by weeds, 
cockles, oysters, or fishes ; others not. This is also 
la be compared with the very irregular distribution 
of organic remains in the sandstone rocks. 



The geologist must or 
the bounds of his legit 
with care and interest into the history of the process 



now performed in the ocean and on the land ; for it 
is only by discrimination and generalization of these 
that we can hope to draw satisfactory inferences 
concerning the force and direction of the agencies 
formerly exerted in earlier oceans, and on earlier 



Subsection 2. — Ancient Sbejes of Sdbuabike 
Strata, and oe FREsHWATEft Beds alternating 

WITH THEM. 

OaDBE in.— TERTIARY STRATA. 

(Stn. Saperlor Order of Conybeare. Plaocene, Mnoctm, ani 

Eocene Deposits dT Ljell. Terliargebiide. Terrain de St&- 

100. Tertiary deposits, formed since the ocean be 
came much divided into arms and guifs, have a 
much of local character and independent origin, i 
to render it almost impossible to refer these disBrf 
ciated and interrupted strata to one general seriei 
It is only by employing intermediate analogies, i 
the evidence of organic remains, that we can form tj 
ourselves a proper general view of ihe order of W 
tiquity of the deposits in different districts. On d 
account it is always best to describe the tcrtifl 
strata according to the natural regions in which tl 
were formed : the English tertiaiies are one serii 
the Parisian another, and very analogous 
Subapennine a third ; the Danubian a fourth. The 
are many others in Europe, Asia, and America. 

Our notices in the text will be confined to i 
English tertiaries, and notes will be appended | 
mark some of the probable relations of these to w<w 
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n foreign tertiariesof like or unlike characters, 
i equal or different antiquity. According to Des- 
lycB and Lyell, the tertiary aeries of Europe may 
mit of being ranked in three leading groups, ac- 
prding to the relation of the organic remains with 
KiBting species of ahetla. The upper group (Plei- 
le) includes, a. Sicilian tertiaries; 6. crag, Sub- 
line marls ; the middle group (Meiocene), ter- 
i of ihe Danube, Rhine, Loire, and Garonne : 
: lower group (Eocene), a. Calcaire grossier of 
, London clay ; b. Plastic clays of England. 

101. CRAG TOKUATION. 

Mineral Character, It resembles almost exactly 
a shingle or pebble beach, with layers of sand and 
sliells, being composed of pebbles of various sorts, 
rolled and worn fish-teeth and bones, a few bones of 
quadrupeds, also worn ; many shells, sometimes worn 
sometimes not ; parts of Crustacea, Polypifers, &c. 
Tlie whole has aii ochraceoua aspect, from the ad- 
mixture of oxide of iron. In one situation a coral- 
line limestone of the same age occurs with several of 
the same shells. 

Physical Geography. The crag deposit is found 
in low ground, along the east coast of England, rest- 
ing in a few places upon the London clay. It may 
he perhaps rightly viewed as an ancient beach of the 
German Ocean. 

LocaUtiei. Norfolk, Suffolk, Essex. Very ana- 
logous, but perhaps not contemporaneous, deposits 
occur along the course of the Loire. 

Types of Formation. Bramerton near Norwich, 
Woodbridge, Aldboroiigh, Harwich. 
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Organic Rnnains, Tliese are very plentiful i 
tliere are above 200 species of Polypifera, CoD- 
chifera, and Mollusca in tlie crag. Of these, about 
40 per cent, are said by Deshayea to belong ti 
cies, which still exist, mostly in the neighbouring 
seas. Fusus conlrarius, Valuta Lamberli, Buccmtwt 
Dalei, &c., arc characteristic. 

Authors, Smith, So werby, Woodward, R.Taylor, 

Museums. Norwich Museum; Geological Society; 

Yorkshire Museum (SOO species of fossils); 

many others, besides private cabinets in Norfbl^ 

Suffolk, and Essex. 

JVo(e,— In SidlyoccurBtraUfied marine deposits of ahellSpi 
to great height! Bbove Ihe sea, in ciay, 9and, and solid limeslone^ 
whirh contain 95 per cent, of clistingspei 
rally thought to be the least ancient of all tbe marine teitklf. 
Btiata; neitla these in reiatJon to existing shells coniea, accord!^ 
to Deshayes, the English crag, uith 40 per cent, of eiisllog 

In the valley of the Loire at several points towards its mo 
and inland, are deposits of pebbles, shells, and vertebral ami 
very like the crag, and referred to the aame ibih by M. ! 
noyers. Lyell and Deshayes consider them to be more uic 
and rank them between the crag and the murine depositi of cU 
Paris basin. The Subapennine marl deposits are (iili of 
of which 41'8 per cent, belong to eiisting Bpedes. Far lU 
realm they are supposed to he coeval with the crag. The lae^ 
Suhapenninea correspond to the lower Danubian deposits. 



102. 

Mineral Ckararler. A series of marls and marly 
limestones, mostly full of freshwater Limneae and' 
Pianorbes, divided into two series by an interposed 
mass of marls, holding estuary shells in great aum>. 



MSubdmtions. a. Upper fresbirater ; b. Interme- 

. Ijower freshwater. 
M2.ocalitiea. Confined, in Eaglaod, to the nonhem 
f the Isle of Wight, and a porlion of the op- 
site diffs of Hampshire. In the basin of Patis, 
r Montpelher, aod various parts of France. 
t Type. Headen HO], Isle of Wight. 
I Organic Remaim. Chiefly Limnes and Pla* 
;eds of Chara, called Gyrogonites ; 
loplotherium at Btnatead. 
mAathon. Webster la Geological Transactions, 
fcwerby, Brongniarl, Lyell. 

\Museiims. Newport, Isle of Wight ; Geological 
ciety ; Yorkshire Museum, and others. 

— The freshwater deposiu in The Paris baiin consist of 
nd lower; the former eharaclelized by nliceous null- 
Be. the lower composed of taarls iDcally gypteous. In the 
lie bones of Patomlheria, Anaplotheria, Didelphis, and 
Lher qnBdrupeilt The intermediale marine beds ate 

ached tertiary freshv,-ater deposits in other parts of France, 
I, Hungary, &c. Some of them are of much more re. 
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Mineral Character. The series of foreign ter- 
tiaries is not continuously complete ; but at detached 
points strata occur which, by the shells imbedded, 
appear to fill up that remarkable hiatus in the En- 
glish marine series between the crag and tlie London 
clay, the former containing 40 per cent, and the 
latter only 5 per cent, of living species. The sandy 
strata of Bordeaux and Dax contain 594 species, 
of which only 27 occur in the Paris basin, and 15G 
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are s(il) living. In Baden, the terCiaries cont^ !l 
per cent, ; in the valley of the Danube, the loiter let- 
iiariet 28 per cent, of living species. 

It is almost wholly on the evidence derived 
the numbers of existing species that the classificatkou 
of Mr. Lyell proceeds. 

Localities. Bordeaux, Dax, Vienna, Baden, Ton- 
raine. Angers, Turin. 

Organic Remains. These belong to the same 
genera, and are often remarkably similar in 
characters to those of the lower Parisian and up- 
per Subapennine marine scries. Nothing but very 
exact and scrupulous conchological knowledge will 
be of use in discriminating and identifying tertiary 
.'ihells. 

Atuliors. Lyell (vol, iii,), Deshayes, De Basterot, 
Marcel de Serres, Brongniart. 

103. LOWER TERTIART FORMATION. 

Mineral Character. A series of clays above, and 
of clays mixed with sands below, without any baod» 
of limestone, but often abundance of Septaria, aw 
an immense number of marine shells. 

Subdivisions, a. The London clay, resting u] 
b. The Plastic clay series, a mass of coloured sa 
and pebble beds, with some layers of shelly clays i 
plastic clays; green sands at the bottom. 

Physical Geography. Forms extensive compf 
tively low countries. Mineral springs. 

Localities. In the valley of the Thames ; Esse; 
Kent, Surrey, Sussex, Hampshire, Dorsetshire, 

Type. Vicinity of London, Alum Bay, 

Organic Remain*. These lie in the London cl 



and in certain clays below, and in grccnsands which 
are near the base of the whole aeries. They con- 
sist of an iminense number of shells, chiefly Uni- 
valves, as Voluta, Rostellaria, Fusub, Cassidaria, 
Ancilla, Buccinum, and other existing genera ; no 
Belemnites or Ammonites ; very few Terebratuloe 
or Echinida. Number of species, 239 or more, of 
which 12 (or 6 per cent.) are still in existence. 

Authors. Brander, Sowerby, Webster, Buckland. 

Museumi. Geological Society. Most English 
museums contain shells from Barton Cliff. 



-The 



le Paris 






in age to the London dny, and the subjiceni coloured sandf 
clays to the plasllc ilay group of England. There are 1122 
■pecios of fouil shells in the Paris b&sin, of which 3S sre living 
= 3-4 per cent. TLie culcaire grosaier occurs in Belgintn and in 
the South of France. .See Btoneniatt, Lamarck, Deahayes, 
Marcel de Serres, Onieliua d'Halloy, &c. 

SECONDABY STRATA, 

106. This whole system of deposits consists of 
limestone, sand, sandstone, clay, or shale, ironstone, 
coal, gypsum, salt, flint, and chert. The limestones 
of different ages have generally distinctive mine- 
ralogical characters ; but the most sure and valuable 
distinctions arise from the comparison of the organic 
remains in each, according to the principles of Mr. 
William Smith. In this way it is found, 1. That the 
fossils in the secondary strat: 
species. 2. Many of them 
families. 3. Tiiey are all, 
from those of the tertiary s 
primary strata below. 4. 1 
locally peculiar specii 



belong ALL to extinct 
o extinct genera and 
r nearly all, different 
ata above, and of the 
ich formation C' 



md often even genera of 



Plants, Zoopliyla, Shells, Crustacea, Fishes, and 
Reptiles. 5, The fossils are not equally nor 
versally ilistributed in any stratum or formation 
have assignable and unequal geographical limits, 
Botne being very generally, others very partially 
even locally found. G. Hence arises the difierence 
in the fossils of diflcrent districts of the same forma- 
tion, and the necessity of choosing several types for 
each formation. 

The proportion of limestone to the other sti 
greater in the secondary than in the earlier or latei 
orders of deposits. 

Ordeh II.— secondary strata. 



(Sys. Craig, Craie tufau, Fr. : Kreide, Krcidemergd, Ger. 
Scaglh, IL) 

Mineral Character, Consists principally of a 
bonate of lime in a finely granular state, imperfectly) 
indurated, and white. The strati li cation is rendered 
evident chiefly by layers of flint nodules, which 
at regular intervals in the upper part, or ihrou^ 
nearly the whole of the mass. 

Subdivisions, a. Upper chalk; b. lower chalk; 
c. chalk marl; d. red chalk. 

Physical Geography. Occupies generally 
strict of connected green (not woody) hills, with di^ 
valleys ; very strong springs at their feet ; surface 
covered with flints. 

Localities. Counties of York, Lincoln, Norfolk, 
Suffolk, Bedford, Buckingham, Oxford, Berks, 
Wilts, Dorset, Hants, (Isle of Wight,) SusseXt 



Surrey, Kent. Foreign : — Round the tertiary basin 
of Paris, South-east of France, Belgium, FolantI, Isle 
of Rugen. 

T7/pes. Dover Cliffs, Isle of Wight, WDtshire 
Downs, Flamborough Head. 

Organic Reviains. Locally very abundant; species 
mostly marine. They consist of marine Plants, 
la melliferous and celluliferous Corals and Sponges, 
Asteriadffi, Crinoidea, and Echinida, inesomyonoua 
and brachiopodous Conchifera, phytiphagous and 
cephalopodous Mollusca, Crustacea, Fishes, Moso- 
saurus, Chelonia. 

Characteustie Fossils. Several genera of Echi- 
nida, species of Inoceramus, Terebratula, Ammonites, 
Belemniies, Mososaurus, Sic. 

Authors. Mantell, Smith, Phillips, Woodward, 
Brongniart, Goldfuss, Nilson. 

Museums. Geological Society, Yorkshire Mu- 
seum, Scarborough Museum, Mantell's Collection, 
Museums at Paris and Maestrichi. 



108. GREEKSAKD 



ute, Fr. ; Qiuukr- 



(SXN. Ciaocouie crayeuse, Glaiicm 

aandslein of Pima, Get. 

Mineral Character. A stratified mass of sands, 
occasionally pebbly, often eherty, almost always 
slightly calcareous, and characterized by abundance 
of green grains in some or all of the beds, In many 
tracts, the lower sands are very irony and yield 
ochre. In the midst of the series is a sandy and cal- 
careous fossiliferous clay. 

Subdivisions, a. Upper greensand, passing below 
into b. gault, which someiimes alteroatea with c. 
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lower green- or iron-sand, inclosing limestone in 
Kent. 

Physical Geographij and Localities. lo EngWd, 
generally forms the base of the chalk hills, but in 
Blackdown and the Weald of Surrey and Kem li 
into separate ranges of hills. North-east of Ireland. 
On tiie Continent, extends with the chalk, and ii 
found aeparaie from that rock in Saxony, along ik 
Alps, Carpathians, &'c. 

Typei. Isle of Wight, and the country n 
lersfield, for the whole series ; upper green^and in 
Wiltshire; gault at Folkstone and Cambridge) 
lower greensand in Kent and Surrey. 

Organic Remains. Species mostly n 
Tine Plants; celluliferous Corals; Sponges; Asie- 
riuda; ; Echinida ; Conchifera of all orders ; phv- 
liphagous, a few zoophagous, and many cephalopo- 
dous Mollusca; Crustacea, &c.; often sihcified. 

Characteristic Fossils. Fuci, Spongiidae, Conlti 
species of Echinida, species of Terebratula,Haniite^ 
Scaphites, Ammonites, and Belemnites 

Aulhnri. Smith, Sowerby, Webster, BrongnifiH, 
Miirclirson, Dr. Fitton's expected Treatise, Mim 
Iteneti, Goldfuss. 

Museums. Geological Society, Miss Benett, moM 
Eiiglii>h Museums. 

109. B, WEALDEH FORMATION. 

Mineral Character. An estuary depos 
riiiusly coloured sands and clays, with intetspenoj 
liffiiites, conglomerates, and calcareous portiont i 
the former, and limestone and ironstone in the latl«i^ 

Subdivisions, a. Weald clay, alternating beliW 



Mti 



^^Hth b. Hastings sands ; c, Purbeck, or Lower 

^^Bealden clay a. 

I Phyiical Geography and Localities. — It is almost 

peculiar to the Weald of Kent and Sussex, and the 
Isle of Wight, though traces are supposed to occur 
in the Vale of Wardour (Wilts), Shotover Hill, and 
at Beauvais in France. In Sussex the middle sands 
rise to 805 feet, enveloped by a valley of the Weald 
clay in an oval ring. 

OrganicRemains. Monocotyledonous wood. Ferns, 
Cyprides, Unionida?, Paludinaj, (no Echinida. Bra- 
chiopoda, or Cephalopoda), Fishes, Iguanodon, Hy- 
}sosaurus. 

Authors. Mantell, Fitton, Lyell, Smith. 
Maseami. Mantell's Collection, Geological Society. 

110. OFFBB OOLITE FOHUATION 

(Stn. Epioolite, ^TOBsn.: Upper part of Ibe Jara Kalk, Get.) 

Mineral Character, A mass of limestone, partly 
oolitic, partly compact or cretaceous, including no- 
dules and ramifications of chert ; green sandy and 
nodular beds below, resting on a thick blue clay, 
with lignite and layers of Septaria. 

Subdivisions, a. Portland oolitic rock ; h. Kim- 
me ridge clay. 

Localities. Isle of Portland, Tisbury in Wilts, 
Swindon, Garsington, Brill, Aylesbury. Upper part 
of the Jura limestone in France, Germany, and Savoy. 

Organic Remains. In the limestone, CycadeK, 
Spongis, Conehifcra, Ammonites, Cerithia, Trochi, 
Fishes. They are usually in the state of casts. Car- 
diura dissimile, Astarte caneata, Trigonia gibhosa, 
Pecten lamdlosus, are supposed to be characteristic. 
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In the clay, many fossils occur at Weymouth aoj 
in North Wilts. The moat characteristic is Osti 
deltoidea, Gryphixa virgula is supposed to mark 
this clay in the North of France : I found it abunr 
dantly at HeUdinglon in 1831, 

Authors. Webster, Smith, Buckland, De la Becbe, 
Sowcrby. 

Museums. Geological Society, Dr. Buckland, 

111.^ MIDDLE OR COKALUNE OOL 

(Syn. Middle, part of the Jura Kalk, ( 

Mineral Character. Blue or yellow oolite, occa> 
sionally of a pisolitic character, locally full of coral; 
inclosed in a mass of cherty,or calcareous shelly sand- 
stones ; a thick blue clay and shelly sandstone. 

Subdivisions, a. Upper calcareous grit ; b. coral- 
line oolite ; c, Lower calcareous grit ; d. Oxford' 
clay ; e. Kelloways rock. 

Physical Geography and Localities. Forms 
range of dry hills of moderate elevation in England*, 
Yorkshire, Oxfordshire, Berkshire, Wiltshire, Dor> 
setshire. Middle part of the Jura limestone, Nortll 
of France, South-east of France, Germany, 

Types. Near Helmsley and Scarborough, Calne^. 
Weymouth. 

Organic Remains. Species mostly marine ; 
niferous and monocotyledonous Plants (rare); many 
lamelhferous Corals; Crinoidea; many Echinida: 
many Conchifera of all orders ; a few phytiphagoui- 
and zoophagous, and many cephalopodous Mollusca; 
Crustacea; Fishes; Ichthyosauri and Crocodiles; 
generally in a good state of conseri 

Characteristic Fossils, The Corals, Echioida, 



■ LOWER OOtlTE FOKMATION. 103 

Ammomles verlebralit, A. calloeiensu, some Pla- 
giostocnata, Gryphsese, TerebratuW, Sec. 

Authors. Smith, Young and Bird, Phillips, Lons- 
dale, Sedgwick, Sowerby, Goldfusa. 

Museums. Geological Society, Wood ward ian 
Collection, Yorkshire Museum, Scarborough Mu- 
seum, Hull Museum, Whitby Museum, Mr. Bean's 
Collection at Scarborough, Miss Benelt's Collection 

I in Wiltshire. 
L 113. LOWER OOLITE FOBJfATION. 

(Sym. Loaer part if ihe JoTfi Kallr, Ger.) 

Mineral Character. White, yellow, or ferruginous 
oolite, and compact and shelly limestone, variously 
associated with sands,slatysandstone,cluys, and marls. 

Subdiuisioits. Near Bath, according to Lonsdale. 
a. Cornbrash, coarae limestone, b. Forest marble 
group, composed of coarse shelly oolite, im- 
bedded in sands, nodular sandstones, and clay. 
c. Great oolite, d. Fuller's-earth, clays, marls, and 
limestone, e. Inferior oolite. /. sand.— In York- 
shire we have a diiferent series. a. Cornbrash 
shelly, b. Sandstones, shales, coal, and plants, 
c. Slaty, calcareous, shelly sandstone beds. d. Oo- 
lite, shelly, e. Sandstone, shale, coal, and plants. 
J'. Ferruginous sands, shelly. 

Physical GeogTopkij and Localities. Forms ranges 
of dry hills, which overlook the upper and middle 
oolite hills, surpassing generally the altitude of chalk, 
and commanding extensive views over the older for- 
mations, Yorkshire, Lincolnshire, Northampton- 
shire, Rutland, Oxfordshire, Gloucestershire, Wilts, 
Somerset, Dorset. 
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Typei. The Bath series, more or less complete, 

observed in all the southern parts of tlie range. Bath, 
Cheltenham, The Yorkshire aeries may be studied 
near Scarborough and Whitby ; at Brora, in Suther- 
land, Foreign localities generally resemble the Bath 
series: Normandy, the Jura, Savoy, Franconia, &c. 

Organic Remains, Species mostly marine. Local 
deposits of Ferns, Cycadese, and other land plants 
lanielliferouB, cellular, and spongoid corals 
lerida, Crinoidea, Echinida; Conchiferaof all orders 
phytiphagous and cephalopodous Molluaca; Crus- 
tacea; Fishes; Ichthyosaurus; Plesit 
eodiles ; Megalosaurus ; Didelphoid Qi 
Five specimens are known ; 2 in the hands of Dr, 
Buckland; 1 of Mr. B rode rip ; 1 of M. Prevost 
1 in the Yorkshire Museum. Fossils generally in 
good conservation ; often casts, mould} 

C/iaracterislic Fossils. The plants, some Echi- 
nida, some Conchifera, Ammonites. 

Authors, Smith, Coiiyheare, Lonsdale, Phillips, 
Buekland, Murchison, Boblaye, Sowerby, Goldfuu, 
De Caumont, Desnoyeri 

Museums. The Bath series : — Dr. Buckland'i 
Collection; Geological Society; Bath Institution 
Bristol Institution; Cheltenham Institution ; York- 
shire Museum. {Didelphoid Quadraped.) The 
Yorkshire series :— Yorkshire Museum ; ScarbO' 
rough Museum ; Whitby Museum ; Mr. Bean's Car 
binet, at Scarborough. 

113. J 

Description. Consists principally of blue clay, 
with much pyrites, some bitumen, ironstone course^ 
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and Septaria. In it are beds of sandstone and sandy 
limestone, and strata of blue and white lias limestone. 

Subdivisions, a. Upper lias shale of Yorkshire. 
b. Marlstone. c. Lower lias sliale of Yorkshire 
(Upper lias clay of Bath), d. Lias limestones, blue 
and white, e. Lower lias marls, 

Phyncal Geography. A characteristic feature of 
English geology, running in a long, connected course 
of hill-slopes and low plains beneath the escarpmentof 
the loner oolites, from the Tees to the Ese. Throilgh 
a great part of this course it is a summit of drainage. 
Insular hills of oolite diversify it. Yorkshire, Lin- 
colnshire, Northamptonshire, Leicestershire, Glou- 
cestershire, Somersetshire, Dorsetshire, Hebrides, 
North of France ; round the central granites of 
France ; Switzerland ; Germany. 

Types, Yorkshire coast ; Grantham ; Belvoir ; 
Rugby ; Cheltenham ; Bath ; Lyme Regis. The 
lias limestones are well seen at Barrow-on-Soar, near 
Shipston, near Bath, Lyme Regis. 

Organic Remains. Species mostly marine, and 
littoral. Cycadiforra plants, ferns, coniferous wood ; 
Zoophyta rare ; Crinoidea, common ; Stellerida and 
Echinida rare ; Conehifera of all orders ; Cephalo- 
poda abundant ; other cephalous Mollusca rare ; few 
Crustacea ; many fishes ; many Saurian reptiles, as 
Ichthyosaurus, Plesiosa-jrus, Fterodactylus, Croco- 
dilug, Geosaurus, &c. ; Chelonia ; fossils ofiea py- 

Ckaracteriitic Fossils. Pentacrinus briareus, Gry- 
phtea incvTva, Ammonites Bucklandi, A. Conybeari ; 
Ichthyosaurus communis, I. temtirostria, Plesiosaurus 
doUchodeiruf, and many others. 
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A^Aart. Swdi, ValoDC Young and Bird, Phil 
IqK, Lonsdale, Mnrchoon, De la Beche, BackWM 



Mmttwmt. OfYortsluregmerall^; Geol. Soc.; 
Dr. Bocikiid; Setlgwick; Lord Cole; Mr. Han- 
fcins; &c. 

114. BSD SAKItSTONE FOBMATIOK 

(Snt. Mtnttiriifri,CaUmnnaeliglkn,a^ Grfibigarrej!.: 

Sriftr. UmieieitaU. Bmmler SoMd^tgii, Ger.) 

CoBskts of days, sandstones, and sandy conglo- 
DKfmta of various colours, red, nhite, and greeois^ 
in many aluraalions. LimestoDe beds occur in it it 
Germany, but not in England. 

SubiUcUiont. In England : a. Variegated nuik 
and gypsum, and rock salt. b. Red and whitt 
sandstone. Id Nottinghani shire the red sandstone 
is partly a conglomerate. In Germany: a. \anf 
gated marls and sandstones (Keuper), gypsum, salt 
b. Muscbelkalk, a compact limestone, salt. c. Red 
sandstone (Bunter Sandstein). 

Geography. Mostly Sat, or broadly undtdated 
plains, occupying much of the centre of Englaod, 
extending from the Tees to liie Exe, and (roffl 
Leamington to Liverpool. Valley of the Tees, Ouse, 
Trent, Mersey, Severn, Eden, Clwydd, SolwsT, 
Annan, &c. Normandy: South of the Ardennes, 
Westphalia, Wirtemburg. 

Tyjies. Dorsetshire coast ; Cheshire ; Nottingham, 

Organic Remains. In England none. In Ger- 
many, the Keiipcr contains plants, shells, Clielomila, 
Saurians. In Germany and France, the Muscbel* 
kalk contains Encrinites, shells. Saurian remaiiu, 
Encriniles moniliformU, Avicula sociahs, Anam- 
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mtes nodosus, characterize the tnuschelkalk. Many 
plants, especially Voltzia, belong to the Bunter 
sandstein. Several others, especially Pterophyllum, 
belong to the Keiiper. 

Authors. Elie De Beaumont ; Voltz ; Jager ; 
Dr. Holland. 

Museums. The Strasburgh Museum. 

115. — MAGNESIAN LIMESTONE FOBMATIONj 
(Syn. Zfchilein, Rolhclicgende, i^c, Ger.) 

Composed of limestones, sandstones, clays, gypsum. 

Mineral Classification. The limestones which 
compose the greater part of this formation are very 
variable in all respects ; while, yellow, reddish, grey, 
purple ; compact, powdery, oolitic, crystalline, with 
strings and nests of ca!c spar; highly magnesian, or 
purely calcareous. The sandstones and sands are red, 
purple, yellow : the claya red, white, often gypseous. 

Subdivisions. In England: a. Grey laminated 
limestone, with little magnesia and very few fossils ; 
6. red and white clay and gypsum ; c. yellow mag- 
nesian limestone; d. marl slate; e. lower red, purple, 
or yellow sandstone. In Germany : a. Stinkstein, 
Rauchwacke; 6. coloured marls ; c. Zechstein ; d. 
Kupferschiefer : e. Rotheliegende. 

Localities. The North of England, in a line from 
the Tyne to the Trent ; detached parts in Westmore- 
land, Cumberland, Shropshire, near Bristol. The 
Thuringerwald. 

Tijpes. Sunderland, Ferrybridge, Doncaster, 
Mansfield. The Thuringerwald, Mansfeldt. 

Organic Remains. In England very few, tncreo*- 
atg in number northward from Nottingham. In 
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Germsny, a few plants mostly marine ; two Crinofi 
dea ; several Bracliiopoda, but few other Cone} 
fera ; few Moltusca ; several fishes ; Mi 

Authors. Stdgwick, Hutton, Freisleben, Hoff- 

Museums. Bonn, Strashurgh, Newcastle, York. 

110. C. COAL FORMATION. 

(Svn. Terrain haailUr, Fr.: Slcijikahleagebirge, Gei.) 

Mineral Character, Strata of sandstone, shale, 
clay, coal, and, very rarely, limestone ; layers of iron- 
stone, nodules, admixtures of pyrites. The sandstones 
a.re generally micaceous, and either very coarse, or 
line-grained, in thick beds, or thinly laminated, often 
alternating with the shales. These are generally dark 
and bituminous, sometimes black, laminated in vt 
rious degrees : some of the clays are white. 

The general section consists of a vast number C 
repeated alternations of sandstone, shale, coal, am 
ironstone. The several parts of the series are IH 
easily distinguishable, except for small tracts Q 
country ; the coals are the most regular strata. Q 
these, in some cases, are forty or fifty seams or bed) 
from leas than an inch to more than a fathom i 
thickness. In a few places, the coming together q 
several seams makes one enormously thick bed a 
coal. Staffordshire ; Ayrshire. 

Localities. The coal formation is generally foua 
in limited patches, sometimes correctly called basin 
The principal are those of the Forth and Clyde 
Newcastle, Durham, Cumberland, Yorkshire, 7 
byshire, Nottingham, Lancashire, Ash by in .u»^k 
ceslershire, Coventry, Dudley, Shropshire, Nord 
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Wales, Soutl) Wales, Kings wood in 
shire, Somersei shire. Almost all the centra! coun- 
ties of Ireland. France : near Boulogne, Mons, 
St. Etienne, Belgium : Namur, Liege. Germany : 
near Elberfeld, Bingen, Silesia, Moravia, Poland, 
the Carpathians. 

Organic Remains. Abundance o? land Plantg, as 
Ferns, Lepidodendra, SigiUaris, EquiselHceee, &c.; no 
Zoophyta; no Radiaria; fluviatile Conchifera : (no 
ProduclEe, Terebratol^, &c.); Fishes; in aparlicular 
bed occur Arannonites, Orthoeeras, Pecien, Fishes. 

Coal is nothing else than a compressed and clie- 
mically altered mass of vegetables. 

Nearly all the species of fossils are characteristic. 

Authors. Boue, Conybeare, Buckland, Martin, Fa- 
rey, Phillips, Winch, Buddie, Huiton, Forster, Lind- 
Jey, Witham, Ad. Brongniart, Steinhauer, Sternberg. 

Mttseuma. Geological Society, Yorkshire Mu- 
seum, British Museum, Newcastle Collections, Leeds, 
Halifax, Barnsley, &c. 

] I'T- C&EBOSIFEROUS OK MOENTAIN LIMESTOKE. 
{Sts. Calcairf carhaaifire. ^c, Fr. : Kohknkalksleia. Get.) 

Mineral CIiaracteT. Beds of limestone, chen, sand- 
stone, shale, and coal ; layers of ironstone nodules. 

I'he limestones are nearly white, yellowish, grey, 
Idiie, black; compact, oolitic, crystalline, orcrinoidal. 
The chert black, or liffht-coloured : the sandstones 
coarse and pebbly, or fine-grained, in thick beds, ot 
thin laminee ; micaceous, or not. The shales mostly 
dark- coloured, fissile and bituminous. The coal 
generally sulphureous, and of inferior quality. 

The General Section consists, in the North of En- 
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gland, of aUernations of all the above : but ir 
SDUthern parts the base of the system is wholly calca* 
reous ; the upper parts wliolly argillaceous and sandy. 
This latter is the character of the Belgian serii 

Localities. South-east of Scotland ; Bermct; 
Northumberland, Durham, Cumberland, Westmore- 
land, Lancashire, Yorkshire, Derbyshire, Flint, Deo*' 
bigh, Shropshire, Gloucestershire, Glamorgaiuhiiei 
Caermarthensbire, Pembrokeshire, Somersetsbire. 
A large portion of the central counties of Irelandt 
the vnlley of the Meuse. 

Types. The mountains near Cross Fell j Inglebo* 
rough; Pendle Hill; Peak of Derby; Mendip; Dean 
Forest ; north side of the South Wales coalfield. 

Organic Remains. Coniferous and other planU 
in tbe alternating coaUhales and sandstones ; lanuJi' 
liferous and cellulifcrous corals ; Crinoidea (on 
species of Echinida) ; Concbifera of all orders, bi 
chiefly Brachiopoda of extinct genera ; Mollusc^ 
both Gasteropoda and Cephalopoda; Sauroii' 
other fishes. Generally in excellent preservation) 

Characteristic Fossils. Many corals, Crinoidea 
Brachiopoda, and Cephalopoda. 

Aalhors. Whitehurst, Martin, Farey, SedgwicI 
Winch, Forater, Hibbert, Phillips's expected volume 

Museums, Mr, Gilbertson, of Preston ; Geoloi 
gical Society ; Bristol Institution ; Yorkshire Mit 
seum ; Mr, Watson, of Bakewell; Royal Society d 
Edinburgh. 

lis. OLD RED SANDSTONE. 
{Sm. TiV M gr^f roHgB, Fr. : Alter rothet SandstetTi, Ga.) 

Mineral Character. Beds of sandstone, conglo 
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Krate, cla^, and concretionary limestone of various 

rs, but mostly red. 
^In Herefordshire anil Monniouthsliire, where this 
I is most fully developed, it is composed of 
■triple or quadruple series. 

^ Subdivisions. a. Quartzose conglomerates and 
IBidstones. b. Coloured maris, and concretionary 
■nes tones. c. Flagstone series. d. Coloured 
arls, like., at Monmouth. The limestones are un- 

n the North of England, and in Scotland. 
Types. The Kyrain Hill, near Monmouth; the 
[bus of Brecknock and Radnor ; Kirby Lonsdale; 

X border of the Grampians. 
[ Organic Ranains. Several noticed in Hereford- 
■ by Mr. Murchison, occur also in Scotland; 
s of Caithness. 
I Authors. Murchison, Jameson, Sedgwick, Fle- 
ming, Boue. 

Museums, Geological Society; Prof. Jameson. 

PRIMARY STRATA. 

H9. The term primitive rocks, once so common, 
and supposed to be so well understood, has gradually 
fallen into disuse, since the comparatively modern 
(late of many of the most remarkable of the rocks so 
named is perfectly ascertained, and since it is clear 
that among the older rocks, as among the newer, two 
entirely distinct classes occur ; viz. of pyrogenous 
and hydrogenous deposits. U'he older strata are 
now very generally called primary ; and an indefi- 
nite group or portion of tbem is, by many geolo- 
gists, called the Transition Series, as marking a pass* 
age from the primary to the secondary strata. This 



na 

is needless ; for such passages arc not thought 
cessary to be marked in otiier instances. 

The primary strata are de6ned above by tlie ol 
red sandstone ; and when that is absent, by the a 
boniferoua limestone ; below tliey usually rest, b 
sometimes un conformably, upon granite, Theyeo 
sist, in a great measure, of mechanieal aggregak 
comparable with sandstones and clays, but yet genC 
rally distinguishable by superior hardnees, and w 
what of a crystalline structiire in mass, or texture: 
detail, from the secondary rocks. Limestone 
interstratified with both the argillaceous poitifl 
and those rocks more analogous to sandstone; 
it is far less abundant than in the secondary syit 
and lies in irregular, often detached masses. I 
chiefly near and in these limestones that the org! 
remains abound. These remains are all of extiu 
species, by far the greater part t 
and even families ; and so wholly diflerent from ei 
isting races, that it is often very difiicuh to pi 
out any definite analogy between them and mod 
plants, Zoophyta, Moltusca, or Crustacea. 

Order I.— PRIMARY STRATA. 

ISO. LIIDLOW ROCKS. 

Mineral Character. Beds of sandstone, sb 
and limestone. 

The sandstones and shales constitute by far 
greater part of the formation: the former are sligl 
micaceous, grey, or dark- coloured, and taminati 
the latter are liver- or dark-coloured. The limesi 
is grey or blue, argillaceous and sub crystal line. 

Siibdieisioni. a. Laminated sandstone (Up] 
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idlow rock), b. Limestone (Ayicestry limestone). 
Sand shale and flag, with concretions of earthy 
leslone (Lower Ludlow rock). 
Localities. Shropshire, Herefordshire, Worcea- 
'shire, Staffordshire, Gloucestershire, Radnorshire, 
ecknockshire, Montgomeryshire, Glamorganshire, 
einiarthenshire. 

Types. Ludlow Castle; Aymestry; Sedgley; Wool- 
hope ; west side of the Abberley and Malvern Hills. 
Organic Remains occur in each of the three 
groups. They consist of a few corals, Tetebratula, 
Lepta^na, Or this, Pentamems Knig/itii, Lingula, 
Orbicula, Orthocerata, Bellerophon, Homonololus 
Knightii, &.C. 

Author. Murchison. 

Museums. Geological Society; Ludlow Society. 
Possibly the sandy slates which cap the slate for- 
mation of Westmoreland (Geol. Trans.) maybe con- 
temporaneous with these rocks. Orbicida rvgala 
occurs in the former beds at Kirby Lonsdale, and in 
the latter near Ludlow, 

121. WeKLOCK AND DCDLEY ROCKS. 

Mineral Character. Strata of limestone and shale. 

Sttbdiiiisions. a. A mass of highly concretionary 
grey and blue subcry stall ine limestone (Wenlock and 
Dudley limestone), b. Argillaceous shale, liver and 
dark grey coloured, rarely micaceous, with nodules 
of earthy limestone (Wenlock and Dudley shale). 

Localities, In England: Radnorshire, Hereford- 
sTiire, Worcestershire, Gloucestershire, Glamorgan- 
shire, Montgomeryshire, Brecknockshire, Caermar- 
thenshire. In Ireland: the coumiea of Cork, 
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Clare, &c. Foreign: Eifel, and Brilanny, Norway, 
Hare. 

Typei. Wenlock Edge ; Woolhope ; Dudley 
west aicle oFAbberley and Malvern Hilla. 

Organic Remains, Corals and Crinoidea i 
abundance. Among the Conchifera are Produett 
depressa, Spirifera lineata, Orthia, Lm 
Anioiig the Moll use a are Euompkalus rugOttUf 
E, diicors, Conularia quadrisulcata, Orthocera annt 
lata, Tlie Trilobites are Calymene Blatnenbaehi 
C. variolala, Aiaphus caudalus. 

Author. Murchison. 

Musenma. Geological Society; Ludlow SocietJ 
Many museums and collections contain Dudley a 
Shropshire fossils. 

122. HoBBERLEY AND May Hill rocks. 

Mineral Character. Conglomerates, sandstones, 
limestones. 

Subdivisions, a. Thin-bedded, impure, sht 
limestone ; and finely laminated, slightly micaceoi 
greenish sandstone. l>. Thick-bedded, red, pui 
green, and white freestones ; congtomeritic quartzoie 
grits ; sandy and gritty limestones. 

Localities. Shropshire, Herefordshire, Worces- 
tershire, Gloucestershire, Montgomeryshire, Caer- 
marthenshire. 

Types. Horderley; Woolhope; May Hill, 

Organic Remains. A few corals, some Crinoidea, 
Peatamerus lievls, Orthis, Leplffina, 'I'erebratuta, 

Avihor. Murchison. 
Alusevm. Geological Society, 



BOIufl 



r 



T FLAGS. CLAY S, 



123, BuiLTH AMD Llandeilo flags. 

Mineral Character. Beds of dark coloured flags, 
niostly calcarL'ous, with some sandstone and schist. 

Localities. Near Shelve, Shropshire ; nearBuilth; 
Llandeilo. 

Organic Remains. Several Trilobites, especially 
Ataphus Bachii, Agnostus. 

Jluthor. Murchison. 

Museums, jisaphusBuchuisfveqiieal'mcoWeclionB. 

Possibly the limestone of the Ciinihrian lakes 
may be related to tbese beds. 



Mineral Character. Argillaceous, indurated, fis- 
sile rocks, compact, fine-grained, or coarse and 
sandy; conglomerates; limestone bands. 

Slratijication. Often difficult to trace in the slate 
rocks, except by the alternation of the coarse, gritty, 
and coDglomerate rocks. 

Cleavage. The fine slaty rocks cleave vertically; 
the micaceous and sandy kinds split horizontally, 
I like common flagstone ; the system of jothts has an 
I almost geometrical regularity. 

Subdiiiisions. In Cumberland : a. Dark fiag- 
I like slates (Coniston). b. Dark Hag-like lime- 
stone, c. Green slate, and fragmentary rocks 
(Langdale). d. Dark soft slate (Skiddaw). 

Localities, The soutb borders of the Highland) 
lammermuir ranges ; Cumbrian lakes ; Yorkshire 
Much of North Wales; parts of South Wales 
Cliarnwood Forest ; Devonshire ; Cornwall. 

2'yjies. The Cumbrian district ; Snowdon ; De- 
-von, and Cornwall. 
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Organic Remain). At Tmtagel, in Cornwall; in 
Snowdon ; both in ileep parts of the slate. Corals, 
Itrachiopoda, occur in h, in Westmoreland, and IQ 
sandy rocks above the dark slates a. ; but the rela- 
tive antiquity of these latter beds (a. and 6.) to the 
liuiltli and Ludlow rocks is not yet ascertained. 

Authors. Otiey, Sedgwick, Smith, Homer, De 
la Beche, PhiUips, Boase, M'Culloch, J. Conybeare, 
Buck] and, Boue, &c. 

Museums. The organic remains of Snondon are 
generally known ; those of Westmoreland were col- 
lected by Mr. Smith and the Author. 

125. MICA scniST SYSTEM. 

Mineral Character. Beds of mica schist, con* 
sisting of quartz and tnica, with or without felspU' 
and garnets ; of quartz and chlorite ; of quarts! rock;' 
rocks passing to clay slate, with latninfe of mica, 
chlorite, talc, hornblende, &c. Limited beds of 
limestone, iron ore, &c. 

StratiJicatioH. A minutely undulated character 
of lamination belongs generally to the mica schist 
system : it is least evident in the limestones, and 
most striking in the chloritic varieties of schist. 

Subilivisions. It is generally found that thoK 
schists which most resemble argillaceous slate lie in 
the upper part of the system ; the most quartsose 
and felspathic portions lie toward the bottom : the 
limestone occurs in detached masses along certain 
planes in tlic mica schist. 

Localities. The Highlands of Scotland ; north- 
MUSI of Ireland. 

Organic Remains, None in the British Isles. 
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jiuthors. Jameson, Boue, M'CulIoch, Necker. 
CollectiOQS of specimens of the rocks of Scotland 
may be obtained in Edinburgh. 



Mineral Character. Beds of gneiss, consisting of 
laminEB of quartz, felspar, and mica; beds of mica 
schist, quartz rock, hmestone, hornblende schist, and 
clay slate. 

Stratijitation. Irregular ; the laminfe generally 
contorted, undulated. The series of gneiss rocks, 
with the admixtures noticed above, hardly admits of 
any clear subdivisions. In several foreign countries 
the alternations of members of the gneiss, mica 
schist, and clay slate systems are frequent. In the 
Highlands, gneiss, mica schist, and hornblende 
schist, quartz rock, and limestone, are variously as- 
sociated. (See M'Culbch on Rocks.) 

Localities. The western isles of Scotland ; the 
nortliern and north-western parts of the Highlands. 

Organic Remains. In the British dominions none, 
unless in the primary limestone of Sutherland. 
(M'CulIoch.) 

Authors. M'CulIoch, Jameson, Boue, Necker. 

Collections of Scotch rocks are very instructive. 

Class II.— PYROGENOUS ROCKS. 

Section 1. — Ejected in the state of Ashes. 

SUBAERIAL VOLCANIC ACCUMULATIONS. 

137. These are either blown into the air by the 
■''^Kplosive gases and vapours which accompany a 
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volcanic eruption, and fall as dust, ashes, scoria, md 
atonea ; or poured out in a stream of melted rock 
from the summit, or more generally the ilanks, of 
the volcano. lu consecjuence of the explosive force 
being directed nearly vertically, and the ashes falling 
on all sides equally round ihe aperture, the hills of 
scoria, aslics, &c., accumulated round a volcanic 
vent, are always conical. Whether lava currents 
I issue from the apes or the side, they merely cause a 
slight irregularity in (he figure ; but a new explosive 
vent opening toward the base of the mountain may 
tlirow up a new hill. Thus several cones on the 
flanks of £tna have been thrown up. 

SUBAQUEOUS VOLCANIC ACCUMULATIONS. 
Heavy rains often accompany volcanic eruptions. 
These may sweep down the failing clouds of ashea to 
some plain or other repository in enormous quan- 
tiiies : thus, probably, the city of Herculaneum was 
buried, while Pompeii and Stabia; were overwhelmed 
with dry ashes. The volcanic ashes deposited in 
lakes and hollows form what is called volcanic tufi'; 
at Naples, puzzolana ; on the Rhine, trass. The loose 

lies, scoriee, ashes, &c., thrown into the aii by a 
volcano, are generally of the same mineral compo- 

□n as the lava currents, and are probably derived 
from the melted rocks within the crater, acted on 
by steam and gaseous expansion. It is evident dtst 
such ejections may happen from beneath the sea, or 
lakes, but the depth of the ocean and other circum- 

ices seldom permit their appearance. The short- 
lived island of Sciacca on the Sicilian coast (1832) 
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threw up a vast lieap of scorise, &c., probably from 
only a sinaU depth in the sea. These loose materials, 
subsequently agitated in the water, and collected on 
the bed of the sea into irregular strata, would consti- 
tute a marine puzzotana, or volcanic sandstone, 
which may or may not contain marine shells. 

Section 2.— Melted Rocks. 

SUBAERUL ACCUMULATIONS. 

128. The lava currents (coulees) which issue 
from a burning mountain are completely fluid mine- 
ral compounds, which, according to circumstances af- 
fecting them after their eruption, eolidify into glassy, 
cellular, compact, or crystalline rocks. Rapid cooling 
of lava leaves it a glass ; slow cooling, a crystalline 
rock ; gaseous extrications make it a cellular mass. 
It is found that lava solidified under water, that is, 
under the preisure of water, is less cellular and more 
dense than parts of the same current which were 
indurated in ihe air. Hence we see that the rate of 
cooling and the degree of pressure control in a re- 
markable degree the condensation of lava, and de- 
termine some of its most general characters. 

The chemical composition of lava is generally audi 
as to give origin to abundance of glassy felspar, or of 
augite with felspar. The former Is composed of silica, 
63 — 69 ; alumina, IS — 17 ; potash, 13^15. The 
latter of 50 silica, 24 hme, 12 lo 28 oxide of iron. 
Sic. As an intermediate case, the compact lava of Ca- 
tonia and Calabria yields SI silex, 19 alumina, 10 
lime, 4 soda, 1+ oxide of iron, 1 muriatic acid. Ba- 
salt is an augitic lava, generally consisting of 46 
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silica, I6'5 alumina, 9 lime, 20 oxide of iron, and 
or 4 soda. Trachyte is a felapathic rock. Belweai' 
Iracliyte and basalt are innumerabie varieties, de- 
pending on the proportions of angite and felspar, 
on the admixture of olivine, oxide of iron, bonK 
blende, quartz, and many other minerals. 

Many volcanos have yielded, as superficial pwH 
ducts, both basalt and trachytic lava; but the f 
greater portion of basaltic rocks have been formed 
subterranean or submarine lava, and subsequently 
elevated with the submarine strata ; the si 
supposed by some writers to be the case- tvith tb» 
trachytes of the Puy de Dome and some other local- 
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In EuTopeiin Islands. .Etna, Vesuvius, Strombo^ 
Vulcano, Island of Sciacca ; several in Iceland ; 
Mayen, Suntorino. 

la j4Jrican Islands. Teneriffe, Lanzerote, Capo 
Verd Isies, Azores, Isle of Bourbon. 

In Asia. On the Continent : Demavend, Kam* 
schatka. In the Islands : Zibbel Teir (Red Ses))/ 
an Island in the Sea of Azof, Aleutian Islands, Kim 
rile Islands, Japan, Loo Choo, Formosa, Lucon, Fugi^ 
Mindanao, Celebes, Ternate, Fidore, Sumbaw^ 
Java, Sumatra, Barren Island, Banda, New Guinen 
New Britain, New Ireland, Friendly Islands, Societ] 
Islands, Lad rone Islands. 

In America. The Continent : North Califomiaj 
Mexico, Nicaragua, Guatemala, Columbia, Pertla 
Chili. Islands : West Indian Islands, Galapagos. 



IIVrOPYROGEHOUS OR PLUTONIC ROCKS. !21 



1 . Volcanic asbes, scoriEe, and ejected stones, form- 
ing the cone of tlie crater. 

i. Volcanic ashes, and other rejectamenta, accu- 
raulated by rivers and in takes. 

3. Lava currents solidified oD land, in lakes, in 
the sea. 

These deposits may alternate. 

HrPOPYROGENOLS OR PLUTONIC ROCKS. 

ISO. The rising of new islands out of the sea, 
composed of lava or scoria, seems to leave no doubt 
of the propriety of admhting amongst the products 
uf active volcanos submarine currents of lava, 
spreading over limited breadths of the ocean bed 
according to the conditions of the efRux. Observa- 
tion of such effects is not, indeed, to be attempted) 
but from noticing tlie appearance assumed by lava 
which has ijowed along the ground, and solidified 
under sea water, we learn some of the essential cha- 
racters impressed upon these rocks by the contact and 
pressure of water. These characters, conjoined with 
direct observations on the relations of certain ancient 
igneous rocks to the adjoining strata, enable us to 
determine that they were really poured out on the 
bed of the sea during the period of the deposition 
of those strata. 

Tiie occurrence of dykes of once melted rocks in 
the mass of a volcanic cone, suggests another prin- 
L'ipal condition of solidification of melted rock; vis. 
while surrounded by previously consolidated mate- 
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rials. Among the ancient stratified rocks, igneoivj 
rocks occur in the state of dykes, and mi 
posed among the strata ; and by careful study of 
the circumstances no doubt remains that in many 
instances the dykes were injected, and the seeming 
beds violently forced front below into Assures, and 
among the strata of pre conaoh dated rocks. 

Hence we have submarine and subterranean py- 
rogenous rocks, which are not always certainly and 
easily distinguishable. 

131. There is a considerable variety of Eubaenai 
volcanic rocks produced at the present day, not- 
withstanding the general similarity of the circutn- 
stances of their extrication; but a far greater variety 
of mineral aggregates were formerly produced under 
the sea, or forced into the openings of older strata. 
It is scarcely possible to arrange these products ta 
the order of antiquity, except in very limited di- 
stricts; and different districts compared in this poiat 
of view present very slight analogies. Generally we 
may, perhaps, admit the greater antiquity of granite, 
and the more modern date of basalt, and assign an 
intermediate period for porphyry and sienite. Bat 
each of these and other igneous rocks has been 
again and again reproduced at different geological 
eras. On this account it will be most useful to cUitj 
the igneous rocks wiih reference chiefly to 
composition and aggregation. 

Mineral veins and beds present so many points 
agreement with dykes and beds of pyrogcnous 
and so many facts harmonizing with the view 
they are gradual or sudden effects of heat, that 
logists are almost universally agreed in regari 
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Cliein as produced by injection, in mass, or by sub' 
limaLion, or electrical transfer of metallic and mine- 
ral particles. 



Composition. Esaentially contains crystallized fel- 
spar, uith variable proportions of quartz and mica. 
The mica is sometimes replaced by talc, or chlorite, 
and partially by hornblende ; in this last case it 
graduates to sieniCe. 

Some varieties, having large included crystals of 
felspar, are called porphyritic j others, composed of 
felspar with angular masses of quartz, are called 
graphic granite. There is 3 great diversity in the 
mf^itude and colour of the felspar and mica. The 
quartz is usually grey. 

Occurrence. Immense masses below all the strata, 
interposed beds, or expansions among gneiss and 
other primary strata ; uplifted masses in contact with 
ancient and modern strata ; veins ramifying from the 
great masses into the adjoining rocks. 

Localities in Great Britain, Ben Nevis, Glen 
Tilt, Cairn Gorum, various points in the Highlands; 
Arran ; Skiddaw and Shapfell in Cumberland ; Dart- 
iiioorf Cornwall; Isle of Man; Moume Mounlaina. 

1S3. P£LSF&tt EOCE, FELSPAR FDRPHTKr, EDRITB. 

Composition, A basis of «n crystallized felspar, 
in which crystals of that mineral, with or without 
crystals of quartz, and rarely mica, are imbedded. 
Colours, red, grey, green, &c. Some varieties in- 
close nodules rather than crystals and are called 
amygdaloidal. 



124 CLAYSTONE. — IIORNSTONE. FITCHSTOIfE, ETC. 

Occurrence, In interposed masses and dykes. 

Localities, Glencoe, Ben Cruachan, in the High- 
lands ; Arran ; St. John's Vale, Cumberland ; Corn- 
wall ; North Wales. 

134.— CLAYSTONE, CLAYSTONE PORPHYRY. 

Composition, A basis of uncrystallized, almost 
earthy felspar, with or without crystals of glassy fel- 
spar, quartz, and rarely mica imbedded. Colour, 
red, yellow, grey. 

Occurrence, In columnar interposed masses and 
dykes. 

Localities, The Pentland Hills ; Arran. 

HORNSTONE, HORNSTONE PORPHYRY. 

The difference between this group and that above 
is in the lesser fusibility of the basis. It is not 
common. 

135. — PITCHSTONE, PITCHSTONE PORPHYRY. 

Composition, A glassy felspathic rock, with or 
without crystals of felspar and small spherulitic con- 
cretions. Colour, green, black, reddish. 

Occurrence, In interposed columnar beds and 
dykes. 

Localities, Scuir of Egg ; Arran. 

136. SYENITE. 

Composition, Felspar more or less crystallised, 
with crystalHzed hornblende, and admixtures of mica, 
quartz, augite, oxydulous iron, &c. Colour of the 
felspar, red, white, (rarely green). 
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Occurrence. In overlying masses, and rarely 
dykes. 

Localities. Isle of Skye, Malvern Hills. 



K, HTPERSTHENIC SYENITE. 

Composilitm. Felspar more or less crystallizeJ 
with crystallized hypersthene. Coiour of felspar, 
white, red; of the hypersthene, green, purple. 

Occurrence. In connexion with granite, uplifted 
masses, dykes. 

Localitiei. Valteline, lale of Skye, Carrockfell 
in Cumberland. 

Composition. Felspar and diallage: when cry- 
stallized, il is dialluge or gabbro ; when fine-grained, 
with indistinct traces of crystallization, serpentine. 
Colours various, with metallic reflections. 

Occurrence. In overlying masses, dykes. 

Localities. Apennines, Pyrenees, Corsica, Corn- 
wall, Scotland. 



139.— 

Composition. Compact felspar and hornblende or 
augite.aggregatedtogether with various degrees of di- 
stinctness, from a largely granular toan almost earthy 
state ; sulphuret of iron occurs in it. Colour, green, 
greyish green, black. Occasionally, nodules of agate, 
chalcedony, carbonate of lime, give it an amygdaloidal 
character. When the felspar is crystallized it is iin- 
distinguisliable from syenite. The compounds of 
augite and compact felspar are called augite rock by 






M'Culloch ; of augite and crystallized felspar, 
ingse by M. Haiiy. 

Occurrence. In columnar interposed masses : 
dykes. 

Lucaliliei. In Scotland, especially about Edin- 
burgh ; Keswick ; Derbyshire, (loadstone) ; North 
Wales ; North-east of Irelamd. 



Composition. Basis of augite (or hornblende) and 
felspar, and often titaniferous iron ; a dense con 
hornblende or augitic mass, which yet shows 
stallizations of felspar. Olivine often occurs . 
chlorophocite, agate, large crystals of felspar, 
nodules of carbonate of lime. In this way, 
pasdes to a state of amygdaloid ; when the felspat 
parts are distinct, it passes to greenstone. 

Occurrence. In vast overlying and ioterpot 
plateaus, with greenstone ; in dykes. 

Localities. The Nortli-cast of Ireland ; Scotluk 
especially near Edinburgh ; North of England, es] 
cially Teesdale and Durham ; near Dudley, 

141. — MBLAPITYEE, BLACK PORPHYRY. 

Composition. Basis of black augite, with crjrst 
of felspar. 

Occurrence. In uplifted masses. 

Localities. Along the southern flunks of the Al 



This rock resembles decomposed basalt or ch 
stone ; and in some cases may really be of aquec 
aggregation. It is usually traversed by strings 
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calcareous spar, holds naduks of spar, clialcedony, 
quartz, &c. It tlien becomes the ordinary amyg- 

Compoiition. AlmoGt indefinite. Inpaniculartracta 
of country certain metals occur abundantly, either na- 
tive or united wiih sulphur, oxygen, and acids; and 
singly, or in connexion with other metals. Certain as- 
sociations of metallic substances are known; as of iron 
and copper, lead and zinc, tin and copper. It gene- 
rally happens that sulphurets occur together; car- 
honates, phosphates, arseniates, &c. together. 

It is seldom that metallic matters occur unmixed 
with rock minerals: these are sometimes charac- 
teristically associated with certain metals. 

Occurrence. Very rarely in anything like beds, 
(l^his happens to ironstone, which is an aqueous 
deposit of carbonate of iron.) Most commonly iu 
veins which fill far extended vertical or inclosed 
fissures of the precon soli dated rocks, and in other 
veins which are contemporaneous with the rocks. In 
some veins (rake veins) the metallic substances, 
mixed with various rock minerals, all crystallized 
more or less distinctly, form vertical plates more or 
less regular, the diflerent ingredients alternating. 
In other veins (pipes) the metallic and rocky sub- 
stances are vertical or nearly so, hut restricted to 
narrow angular spaces, not fissures, in the rocks. 
The particular rock minerals associated witli me- 
tallic substances in veins, receive the name of matrix 
or veinstuff ; they vary, perhaps, in some real rela- 
tion to the period of their production, and to the 
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nature of the containing rocks, but a certain inJe- 
pendeni^e of local character eeems always to at 
recognised. 

Metallic veins are not confined to any poiliculai 
tracts of country or any particular age of rocks, but 
yet they are by far most abundant along the liae* 
and about the centres of mountain elevations, and b 
aofbigh geological antiquity. In almost every I 
""e their origin is somehow related to convidsive 
ivithin the earth, and to tbe developmi 
of igneous rocks. Rock dykes and. metallic ve 
differ only in tlic nature of their contents ; they ho 
great analogies of origin, but it is rare to find I 
rock dykes yield metallic treasures. 

Localities. In the primary rocks of the 
lands, Cumberland, Westmoreland, North Wal 
Cornwall, Wicklow, Mourne Mountains, Isle of Mi 
&c. In the carboniferous limestone of Si 
Northumberland, Durham, Yorkshire, Cumberkn 
Lancashire, Derbyshire, North Wales, South Wale 
Somersetahire. In the raagnesianlimestone of Yorl 
shire and Nottinghamsbire. 

Authors. Werner on Veins ; Playfair's Dlustti 
lions; Carne, Hawkins, Boase, and Henwoud ( 
Cornish Veins ; J. Taylor's Report to the Bririi 
Association, 1833 ; W.Phillips, in Geological Tri 
actions ; J. Phillips in EticyclopatdiaMetropolita 
Wcstgarth Forster ; Farey. 

Museuvis. British Museum, Mr. Heuland, 
Collection, Geological Society, Yorkshire Museui 
Kewcastle, Bristol, Manchester, Liverpool, 
Hnll, Mr. Watson of BakeweU. 




PART IV. 
TABLES AND CALCULATIONS. 



PHYSICAL RELATIONS OF THE GLOBE AS A PART 
OF THE SOLAR SYSTEM, 
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TEMPERATURE OF THE GLOBE- 

147. Land.— The mean tern peral urea near th 
level of the sea vary nearly as the cosines of latitude 
Thus, if the equatorial mean temperature = 81* 
Fahr., themeao temperature for any latitude = SI"' 
cos, lat. This is found to apply very well until n 

occur, which seem to indicate at least two centres ( 
maximum cold, one in America, one in Asia. 

1 48. Water.— The oceanic temperature is not sub 
ject to the same extremes as that of the land : k doq 
not diminish so fast toward the poles, and conse 
quently permits the existence of marine animals in la 
tiliides which are fatal to nearly all terrestrial beingi 

Fresh water is heaviest at about 3S°-75 Fahr, 
growing lighter both by heating and cooling; an 
consequently, in latitudes which permit of this da 
gree of cold at the surface, during the winter, iher 



will then be a falling of cold water, and a rising of 
warm water, so as to counteract materially the 
rigour of the season. In latitudes where it is only 
in summer that the surface water can be heated to 
3S°-75, the warmed water will then sink from the 
surface, which at other times may freeze, and expe- 
rience extreme cold, while the bottom is warm. 

This does not apply to the ocean ; for it is found 
that salt water goes on increasing in density as it 
cools, even to some degrees below freezing. The 
variations of the temperature of the sea, in relation 
to depth from the surface, are not yet sufficiently 
known. It appears, however, that tlie reduction of 
temperature in the deep parts of the tropical seas is 
very considerable. 
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149. Atmosphere.— The decrease of tempera- 
ture, as we ascend from the level of the sea, is sub- 



ject to so many causes of fluctuation and local di- 
versity, that it }jas been found very difficult to a 
to any general conclusion. In equatorial retool, 
according Co Humboldt, there is a diminution 
temperature ^ 1° R. for ISl toises of ascent: 
St. Bernard, 1° R. for 123^ toises = 1° Falir. ] 
353 feet English. At Ventoux, near Avignon, 1°B. 
corresponds to 80 toises in summer, and to 
winter : on the Righi, 1" R. for 97 toises. In the 
North of England, Mr. Nixon's experience or 
tains of 1 000 to gOOO and 3000 feet, gives 1' F. in 
2S0 feet. Dr. Dalton allows 1° F. to 100 yar* 
elevation. Generally it is found that the tempen- 
tures diminish more rapidly from the lowest statioiH. 

The above statements apply to the air « 
gToand, where it is influenced by the heating surfan 
of the earth. We do not know what is the law of 
diminution of the heat in the air directly upwards- 
from the ground. The observations for this pi* 
pose by Gay-Lussac and Biot, and Lord Minto, 
should be followed up. 

150. Springs. — The unfailing springs which gud 
out from fissures of rocks, bring with them the tf 
perature of their shallow subterranean channels ; i 
this temperature is generally found to be const; 
and in cold regions a litde higher than the m 
temperature of the air. This was first noticed \ 
Dalton, and has since been made the subjec 
tended inquiry by Prof. KiipfFer. tt appears U 
result from the researches of Kiipffer, that the dit 
ference of shallow subterranean mean temperatun 
from that of the air above the surface of the ground^ 
follows a certain law, depending on the latitude ant 



on local inHuencea. Near the equator, tlie grounJ, 
at 25 metres' depth, appears to have a temperature 
2° R. beion) the mean temperature of the air ; whilst 
in Lapland it is S° aboiie it. This appears to be a 
strong corroboraiive argument for the internal tem- 
perature of the earth depending on a cause distinct 
from solar influence.^(Forhes, in Report to the 
British Association, 1832.) 

151. Subterranean Heat. — The fluctuations of 
superficial temperature diminish as we descend into 
the earth, so that at last we arrive at a point where, 
through the whole year, there is no change, and con- 
sequently below which the variation of solar influence 
is insensible. This depth is called the invariable plane. 
From the observations in the caves at Paris, it is in- 
ferred to be nearly 30 metres, or 100 feet from the 
surface. Below this plane, any differences in the tem- 
perature of the e»rth must be ascribed to internal 
terrestrial peculiarities. It is found that below the 
invariable plane the temperature of any point is 
wholly uninfluenced by seasons, and is constant; 
that the temperature augments regularly in propor- 
tion to the depth, at a rate, upon the average, of 
1" F. for 15 English yards. It is clear, therefore, that 
there is a proper source of heat within the earth. 

The warm and hot springs which issue from great 
depths, yield another and very satisfactory proof of 
the existence of great heat within the earth. Some 
of these are closely connected with existing volcanos, 
others with lines of convulsion, which open a com- 
munication to the deep parts of the eardi. It is 
clearly to this communication that the heat is owing, 
and not to any local chemical actions along the 
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TUEBKOXETRICAL SCAJX£. 

153. The fteeoDg point of water is marked Si 
on Fabrenheit'a thetmometer ; but on Reaumiir'tt 
and Celaiiu's or the centigrade, it is marked V. 
The boiling point of pure water (when ihe barometer 
is at 30'0^ is m^ked 312" on Fahrenheit's, 
Reaumur's, 100^ on the centigrade. He 
relative calaet of the thermometrical unit or degree 
are, on Fahrenheit, 1° ; on the centigrade, l°-8 ; o 
R«aumur'a, %°'%o. Hence the following rules : 

1. To redufe lo Fabrenhsit the observations on Ihe other tail 
Hulliply the Qumber on 1 
Mullipl]' Ihe number on t 

2. To reduce to ihe ceDtigradc scale obietvstioiu on the olhcM, 
Multiply (he number on ReBumor'a by 1 j. 

Dlininiiih Ihe number on Fahrenheit by 32". 
Ami niulliply Ihe remainder by 0-,15S + 
Or AMii! it by 18. 

iiicli to be recommended that Engliah philo- 

sUoiild adopt ilie cenligrade scale. 




Fal^ .^ E;,gli,h Meaturt, in 
French Melrei. 


yalui q^ French Sfiaiaret in 
Migliih Inches. 






Foot 


...0-3[)*8 


Centim^tie ...0-39371 


Fathom. ,. 


...1-8287 


MJtbb S9-3707fl 



THE BAROMETEK. 
15a. A little experience in moderately elevated 
regions of stratified rocka will convince the geologist 
tvho values the connexion of the physical s 



or desires to git 
that it is wrong to negle 
barometer. The objectio 
die Engle field barometer, 
if the construction of the 



t accuracy to his results, 
; the use of the portable 
i usually urged against 
ire of little importance, 
istrument has been pro- 
jierly attended to. Heights of ground, thicknesses 
of rocks, otherwise often unascertainable, extent of 
dislocation, and many other useful data may be tlius 
quickly obtained, at ilte time when they are most 
Tvantcd, by the geologist. No apparatus is needed 
for the support of the instrument ; and, provided 
the observer be steady of hand and sure of eye, his 
observations can hardly fail to be correct. The ob- 
servations are, 1. The height of the barometer, in 
inches, tenths, hundredths, and tliousandths, at each 
station. 2. The degree of the thermometer attached 
to the instrument at each station. 3. I'he degree 
of this or another thermometer detached from the 
instrument, and exposed to the air in the shade, at 

ISl. To calculate with tolerable accuracy the 
difTcTencc of level corresponding to any tivo sets of 
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ohservations, the following easy and brief processes 
nill lie sufficient, without tables or logarithms, fa 
altitudes under 4000 feet, and in the latitudes of 
Great Britain. 'I'he geologist is recomnietided to 
copy [hem into hia^eld note-book. 

1. Ilaiing written down rhe obaervatii 
take the mean and difierence of the bacomeler, the differencctf 
the ailiiched Ihetm., and the aum of the detached thermometer, 

2. Correct the barom. difference for relative capacity of tuk 
and ci>t«rii. This correction is always addilii'e, ojid its niiit ii 
niurked on the barometer- 
Mr. Niion huB eipliined a metliod of conslruclion which K- 

moves the necessity of this lajtrection in his portable barometeii. 

3. Correct for difference of atl. therm., by multiplying ibil 
difference by -nru-irFtl> of the mean barometric pressi 
product mtut be Bubtracled frorn tht 
when the upper itation is colder ; sddcd 

4. Correct for the temperature of the air above 0* Fahr. bj 
the fuUawing proceis : Consider the sum of the det. therm. : 
thousandchsj add to it the integer l-nOO; multiply together ddi 
5um. the cotrectedbarometric difference 
number, 249D0 ; divide the product by 
pressure (!.)■ the quotient is the height in English feet, neaclj, 

Example of the whole process: 
tLOLoweritalion.Bar.Press.SfrMO AtLTlier.7*s Det. Tbet.;u, 
UppetnaUon afl-s?* — — ea-j grf, 

Me.n ati-307 Diff,.-. S 8uni._li*<! 

Diflbrmcc a-Jfls I 

(S.) In Ihli )ni(nuii«n[ Uic cipacity is alloned for hf the canunicliiia. M 



LBUD'i lablH In DelaBecbe'B Manual, ti 3l3i*3 j bright brM 
M(Phil. M«g.),30S-ll. 



The fluctuations of the barometer are not n 
warily productive of error in the use of the i 
jient. It is not requisite lo liave more than o 
barometer, provided the observer returns again, i 
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the course of the day to the point trhich he has 
chosen for his reference statioo, or Teiifies his resnlts 
fay including amongst his measures some point whose 
height, compared to that reference station, is known, 
or in any other way can know the hourly rate of 
rising or lalling of the barometer. 

FotelampU, S«pt. 22, 1839: 




CLINOMETER, 
MAGNETIC IXSTRUMENTS. 
155. In ascertaining generally the direction and 
angle of the dip, and direction of the horizontal line 
or strike of the stratified rocks, nothing is more con- 
venient than the pocket clinometer, fitted with a 
compass-needle, as usually sold in London. Mr. Pratt 
has lately (Philosophical Magazine) proposed an im- 
provement in it. But for accurate determination of 
the strike of beds, direction of joints, and bearings of 
objects, (which the geologist will oflen need,) a good 
compass-box is very desirable. This instrument may 
oflen he found to give curious results among certain 
primary rocks, along dykes of basalt, &c. The 
variation of the needle (now about 24° to N.W. in 
England) being marked on the circle, the geologist 
may record his observations in true bearings. 
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Unprovided with a clinometer, a jointed rule ni!i 
suffice to those acquainted witb trigonometry ; and 
a t'aithfiil drawing will oftca be as good as any mea- 
sure. When it happens (as in a cliff) that there ate 
twoor mote lines of section exposed, neither of which 
passes along the line of dip, or line of strike, liie 
amount of dip, and direction of dip and strike, can be 
calculated trigonometrically from the observed dipa 
and directions of the rocks exposed in the 



156. Mr. Smith's Map of the Strata of Enghind 
and Wales, and Mr. Greenough's Geological Map of 
England and Wales, may be consulted as general 
guides; both require much correction. Mr. Smith'i 
Geological County Maps are of great value aa ■ 
basis of accurate topographical geology. Reduced 
copies of Mr. Greenough's and Mr. Smith's large 
Maps, may be had for the convenience of travelling. 
Boue's is the only published Map of Scotland: 
M'Culloch's labours in that country will soon be 
made useful to the public, through the liberality of 
the Highland Society. Mr. Weaver's Charts <■[ 
parts of Ireland may be consulted in the Gcologjcil 
Transactions. It is hoped that Mr. Griffith will 
soon publish a general map of the country which he 
lias so well explored. I have been for some time- 
occupied in the attempt to construct a convenient 
geological map of the British Islands. As repre- 
senting the geology of a large part of Europe, VoB' 
Buch's Map, published by Schropp and Co,, of 
Berlin, may be consulted with advantage. 
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REFERENCE TO THE PLATES. 

ig. 1. Shows the real proptHtioDs of the height of giound above 
the sea level from Bridlington to Whitehaven: a line 
drawn sloping from west to east mariss the depth to which 
the composition oS the earth is Jhioipii in that country. 

2. This section shows the distinction, as to arrangement, 
between the superficial deposits and the interior strata. 
A dislocation or fiult affects the latter. 

3. Here the stratified ro^s (6.) are contrasted with the un- 
stiatified rocks (a.). 

4. An outline (jreological Map of England, to show die re- 
lative extent of certain systems of strata. 

5. From the axis of crystalline rocks (a.) the strata dedine 
on both sides ; those which rise highest on the momi- 
tains sink lowest under the plains. 

6. Near the axis of uncrystalline rocks (a.) the stratified 
rocks are thrown into great and sometimes inexplicable 
confusion of dip, broken by faults, and bent in violent 
curves. (Alps.) 

7. After the occurrence of the convulsions which displaced 
the formation (c), marine strata (</.) were deposited level 
on the edges and slopes of the previously disturbed 
rocks. 

8. Shows the course of the Shap-Fell granite boulders across 
three vales and three abrupt ridges of hills, a distance of 
110 miles. 

9. Aspect of a volcanic cone, and section of its concentric 
layers of scoriae, &c. 

10. Effect of local depression (jd.) and of local elevation (<>.)• 



THE END. 



Printed by Richard Taylor, Red Lion Court, Fleet Street. 
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